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slJMMARY

Subsonicspsmloadsandtheresulting
beencalculatedfora systematicseriesof

stabiliity derivativeshave
vertical-andhorizontal-tail

combinationsinsideslipandin steadyrollinordertoprovideinforma-
tionembracinga widerangeofprobabletailconfigurations.Allcal-
culationsweremadeby applicationofthediscrete-horseshoe-vortexmethod
to theproblemofestimatingloadson intersectingsurfaces.Theinves-
tigationcoveredvariationsinvertical-tailaspectratio,theratioof
horizontal-tailaspectratiotovertical-tailsspectratio,theeffects
ofhorizontal-taildihedralangle(forthesideslipcase),andtheeffects
ofverticalpositionofthehorizontal”tailforsurfaceshavingtheir

. quarter-chordlinessweptback0°and45°. Theresultsoftheinvestiga-
tionarepresentedin chartsfrm whichthespanloadsforthevarious
conditionscanbe obtained.Theresultingstabilityderivativesarepre-
sentedasvertical-andhorizontal-tailcontributionsaswellas total-
tail-assemblyderivatives.

Theresultsofthisinvestigation,whichwasmadefora widerrange
ofgeometricvariablesthanpreviousstudies,showedtrendswhichwere
ingeneralagreementwiththeresultsofpreviousinvestigations.Also
presentedinthispaperandusedinthecqutationsisan extensivetable
ofvaluesof sidewashdueto a rec~ vo~=.

Accurate
tionofthese
designerasa

INTRODUCTION

informationregardingtailloadsandthespanwisedistribu-
loadsduringvariousmaneuversisrequiredby theaircraft
basisforstructu&ldesignandforprovidingestimatesof

r,

.

thetailcontributiontoaerodynamicderivatives.Sme informationon
tailloadsis availableinreferences1 to4,forexample.Reference1
isa rathercompletetheoreticalstudyofspanloaddistributionsof
unswept-tailconfigurationsin sideslipinwhichtheeffectsofhorizontal-
tailspan,verticalposition,andgeometricdihedralareconsidered.The
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2 NACATN 3245

study,however,isbasedontheassumptionofminimuminduceddragwhich
leadstoan excessiveend-plateeffectofthehorizontaltailforthe
rangeoftailsizeusualdyconsidered(seeref.2). Thetheoretical

“

andY8isofreference2-fortailsin sideslipisbasedon~ting line
theoryanddealsonlywithtailconfigurationshavingsemielliptical
verticaltailsandellipticalhorizontaltailswithequalandcoincident
rootchords.References3 and4 presentsomeexperimentaldataontotal
loadsforunswepttailsin sidesli.p.Thevarietyoftailconfigurations
currentlyinuse,however,hasaccentuatedtheneedforinformation
embracinga greaterrangeofprobableconfigurations.Thepresentfives-
tigationwasmadetohelpfulfillthisneed. Spanloadswerecalculated
by a methodgenerallyreferredto asthediscrete-horseshoe-vortex(or
finite-step)method.Thismethodhasbeenusedextensivelyin estimating
wingloadings(seeref.5,forexsmple);however,somecalculationsmade
in conjunctionwiththetivestigationofreference4 indicateditsappli-
cabilitytothecalculationofloadson intersectingsurfaces(tailsur-
faces)in sideslip.Sincethebasicmethodis explainedindetailti
reference5, onlythepertinentdetailssreincludedherein(seeappen-
d3xA). Thediscrete-horseshoe-vortexmethodwasusedinthepresent
investigationto obtainsubsonicspanwiseloaddistributionsandresulting
aerodynamicderivativesfora systematicseriesoftailconfigurations
in sideslipandin steadyroll. Also,theadditionalspanloadingsdue
tothedihedr~angleofthehorizontal-tailsurfacesweredeterminedfor
thesides13pcase.Calculationsweremadeforsurfaceshavingunswept
and45°sweptbackquarter-chordlinesanda taperratioof0.5. The
geometricvariablescoveredinthisinvestigationincludedvertical-tail
aspectratio,ratioofhorizontal-tailaspectratioto verticsl-tail
aspectratio,andverticallocationofthehorizontaltail.

ThecontributionofMr.M. J.Queijotothepresentpaperwassub-
mittedtotheUniversityofVirginiainpsrtialfulfillmentofthe
requirementsfora degreeofmasterof science.

Theresultspresentedhereinsrereferredtothestabilitysystem
of axeswiththeoriginatthequarterchordoftheverticsl-tailroot
chord(seefig.1). “

A aspectratio,b2/S

b span,ft

s area, sq ft

c localchord,ft
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averagegeometricchord,ft

semispanofrectangularhorseshoevortex,ft

circulationstrength,sqft/sec

rateofroll,radians/see

sidewash-velocityrelativeto stabilityaxes,ft/sec

sidewashvelocityrelativetohorseshoevortex,ft/sec

downwashvelocity,ft/sec

free-streamvelocity,ft/sec

componentoffree-stresmvelocitynormal.to surfaceat
controlpoint,ft/sec

&e of sweepofqparter-chordline,deg

sideslipangle,radians

dihedral.angleofhorizontaltail,radians

coordinatedistancesrelativeto stabWty systemofaxes

nondimensionalcoordinatedistancesrelativeto sxes
locatedat centerof eachboundvortexsothat x!
and y’ arealwaysinplaneofhorsedhoevortex
(madenondimensionalby dividingdistsncesin feet
by horseshoe-vortexsemispan)

numberofhorseshoevorticesrepresentingconfiguration

massdensityof air,slugs/cuft

generalformforeitherdownwashor sidewashvelocityat
wPotit (X’,y’,z’)causedby rectangularhorseshoe
vortexofunitsemispansndcirculationstrengthof 4ti

downwashvelocityof f(x’,y’,z’)

sidewashvelocityof f(x’,y’,z’)

l@eral-forcecoefficient,Lateralforce

rolLLng-momentcoefficient,Ro.-q moment

~~~bv
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l&ftcoefficient,Liftonrighthorizontal-tailsemispan

sectionlift

1 V%vz?
coefficient,Sectionlift
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5NACATN 3245

Subscripts:

n general.syaibolwhichwhenreplacedby numberrefersto
particularhorseshoevortex

h horizontaltail

v verticaltail

()

ccl
Subscriptsusedinthespanloadcoefficients,suchas —

m v’
Sigmifythat Cz endthechordsc and F arebasedonvertical-tail
geametry.

PREmmwRY REMARKS

Thefinite-stepmethodusedhereinis an
whichhasbeenappliedto computationofwing

adaptationofthemethod
loads(ref.5, forexample),

andonlytheessentialsofthemethodwithemphasisontheapplication
to intersectingsurfacesarepresentedherein.(SeeappendixA.)

Forallthetailconfigurationsconsideredherein,theverticaltail
isrepresentedby sixandthehorizontaltailby 12equispenhorseshoe
vortices(seefig.2),a representationwhichresultsinvqluesoflift-
curveslopeapprmcimately10percentgreaterthanthevaluespredicted
by theWeissingertheory(seeref.6). Useoffewervorticeswould
resultinvaluesmuchgreaterthancouldbee~ectedexperimentally.
Useofmorevorticeswouldimprovetheaccuracy,butanysignificant
improvementcoul.dbeobtainedonlyby greatlyincreasedcomputational
ttie,whichwasnotfelttobe Justified.Itshouldbenotedthatin
perfomingthecalcubtionsadjacen,thorseshoevorticesareassume~to
haveno gapbetweenthemsothatthetrailingvorticesbetweena~acent
horseshoesarecoincident.

Eachtailcombination(horizontalplusverticaltail)isrepresented
by a totalof18horseshoevortices,whichresultsina setof18 simul-
taneousequationswith18unknownvortexstrengths.Sincerollingand
sidesliploadsonthehorizontal-tailsemispansareantisymuetric(equal
butof oppositesignoneachside),thenumberofequationstobe solved
wasreducedto12. ~ solutionsof simultaneousequationsrequiredin
thepresentinvestigationwereobtainedby useofrelay-typecomputers.

Allcalculationsperformedhereinweremadefora two-dimensional
lift-curveslopeof 2YCanddonottakeMachnumbereffectsintoaccount.
MethodsofaccountingforMachnumbereffectsandforvariationsofthe
sectionlift-curveslopefrom Zh arediscussedinreference5. The

——. .—-—. .-——. .—..——— -—-——— ——.



6 NACATN 32k5

anglesp, i’,and p~/V sreassumedtobe sufficientlysmallsothat
thesineoftheanglecanbe replacedby theangleinradismsandthe
cosineoftheanglecanbe replacedby 1.0. Itisfurtherassumedthat
verticaldisplacementsofthevorticesofthehorizontaltaildueto
dihedrslanglecanbe neglected.

SCOPE

Calculationsweremadefora systematicseriesofvertical-and
horizontal-tailcombinationsin sides~pandinsteadyroll. Forthese
twoconditions,threebasicspanloadingswereobtained,tworesulting
fromthesideslipconditionandonefrmnthesteady-rollcondition.
Thethreecasesconsideredare:

(1)Wads resultingfrm sideslippingtailcombinationshaving
horizontaltailswithzerodihedral

(2)Loadsresultingfromsides~ppinghorizontaltailshaving
dihedral,butwiththeverticaltailat zerosideslip

(3).Wadsresultingfrmarollingofthetailcmnbinationsaboutan
sxiscoincicUngwiththerootchordoftheverticaltail.

Theloadscalculatedforcase(2)shbuldbe consideredasadditional
loadsduetothehorizontal-taildihedralangle.Itisassumedthat,
forthesmslllanglesconsideredherein,thetotalloadin sideslipon
anyt-ailcombinationha- dihedralcanbe obtainedby theproper
additionoftheloadsobtaine-~fromcase(1)andcase(2). In allthree
casesthea~tional restrictionthatthehorizontalsurfaceremainat
zerogeometricangleofattackwasimposed.

Spanloadsandtheresultingforce@ mment derivativesarepre-
sentedforunsweptand45°sweptbacktailconibinationsconsistingof
horizontal.andvertical.surfacesof0.5taperratio.Calculationswere
madeforverticaltailshavingaspectratiosof1,2,and3. Corre-
spendingto eachvertical-tail.aspectratio,horizontaltailshaving
aspectratios1,2, snd3 timesthevertical-tailaspectratiowerecon-
sideredatthreeverticallocations- atthebase,atthemidposition,
andatthetopOPtheverticsltail.Foreachconfigurationthe
verticsl-andhorizontal-tailrootchordswereassumedeqwilsothatat
thebaseorlowpositiontherootchordsoftheverticalandhorizontal.
tailscoincided.At themidandhighpositions,thetailsurfaceswere

.

—— —.
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alwaysarrangedsothatthequarterchordofthehorizontal-tail

7

root
chordintersectedthevertical-taflquarter-chordline. Specifyingequal
rootchordsfora givenvertical-tailaspectratioessentiallymeansthat
variationsinhorizontal-tailaspectratioaretheresultof changesin
horizontal-tailspan.Therangeof vertical-andhorizontal-tsdlaspect
ratioscoveredinthisinvestigationis showninfigure3.

Theresultsofthe

FNEENWWIONOFRESULTS

investigationarepresentedinthreemaingroups.
Thefirstgoup containsspanloads,thesecondcontainsstabilityderiva-
tives,andthethirdcontainsforcederivativesassociatedtiththe
horizontal-tailloads.In ordertofacilitatelocationof information
fora particularcondition,thefollowingbreakdownoffiguresisgiven:

Figure
Spanloads:
‘Spanloadsresultingfransideslipfor.r = O . . . . . . . 4 and5
Spanloadsresultingfromsideslipfor r+o ....... 6tog
Spanloadsresultingfromro12.fOrI’=o . . . . . . . ..10to13

#
Stabilityderivatives:
Derivativesresultingfromsideslipfor r = O . . . . . . .14to 21
Derivativesresultimgfromsideslipfor r+O . . . . . ..22t03l
Derivativesresultingfromrollfor r = O . . . . . . . . . 32to 39

Horizontal-tailforcederivatives:
Derivativesresultingfromsideslipfor 17= O . . . . . . @ and41
Derivativesresultingfromsideslipfor r+o . . . . . . 42and43
Derivativesresultingfrcmro~ for r = O . . . . . . . . ti and45

Inallspan-loadfigures,negativevaluesofthevertical-tailload
coefficientindicatea negativelateralforce.Thehorizontal-tailload
coefficientsarefortheright(positive)tailsemispanfacingintothe
wind,andpositivevaluessi-~fyliftloads.Loadsontheleftsemispan
ofthehorizontaltailareequalinmagnitudebutoppositeinsigntothe
loadsontherightsemispanforthecorrespondingspanwisestation.

In ordertoprovidean indicationoftherelativemagnitudesofthe
vertical-andhorizontal-tailcontributionstothetotalderivativefor
a giventailconfiguration,allthederivativesarebasedonthegeometry
(areaandspan)oftheverticaltail.

.

_ ___ —.—.. —— — — -—
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RESUIWSANDDISCUSSION

spanLoads
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sideaip(rs o).-Thespanloadsdueto sideslipofunswepttail
conibinationshavinghorizontaltai~ of zerogecmetricdihedralarepre-
sentedinfigure4. A largeinfluenceontheloaddistributionofthe
verticaltailisapparentforeachofthethreevertical-tailaspect
ratiosconsideredwhenthehorizontal.tailislocatedateitherex&oxxn-
ityoftheverticaltail. Thisinfluenceisusuallyreferredto asend-
plateeffect.Forthesetwopositions,changesinhorizontal-tailaspect
ratio(orspan),asindicatedby variationsintheratio~/+ to
valuesgreaterthan1.0,donotappeartoalterthegeneralshapeofthe
loaddistributionbutmerelyprovi.dechangesinthemagnitudeoftheend-
plateeffect.Forthetailcombinationsconsidered,itappearsthata
ratherlargepercentageofthemaximumpossikleend-plateeffectcanbe
obtainedby a relativelysma.ld.horizontaltail.

Thehorizontaltsdlslocqtedatthemiddleoftheverticaltailhad
no appreciableeffectonthevertical-tailspanload.

Thespanloadsinducedonthehorizontaltailsarealsopresented
infigure4 andtheresultsindicatethatratherlargemagnitudescanbe
obtainedby locatingthehorizontal.tailsateitherextremityofthever-
ticaltail. Ofparticularinterestisthedirectionoftheloadsfor
thesetwohorizontal-tailpositions.Forthehighpositiontheinduced
loadresultsina positiveliftforcewhereasfortheloworbaseposi-
tionnegativeEt forcesaxeobtained.Theresultspresentedinfig-
ure4 areonlyfortherightsad.spanofthehorizontaltailand,asindi-
catedpreviously,theloadsontheleftsemispanareecpalinmagnitude
butoppositein sign.Consequently,thereresults,forthecompletetail
configuration,a zeroliftforce.Theloadlngsdo,however,producea
shearloadanda twistingorrollingmomentabouttherootchordofthe
horizontaltailandaboutthestabilityroll-s locatedatthebase
ofthevertical.tailthatcouldbe ofimpor@ncebothstructurallyand
froma stabilityviewpoint.Forhorizontaltailslocatedatthemid
position,theloadsindicatedforaXlthreevsluesof ~ canbe traced
directlytotheeffectofvertical-tailtaperratio.

.

Presentedinfigure5 arecorrespondingtailconfigurationswithall
surfacessweptback450. ~ general,theresultssreshilartothose
fortheunswepttailassemblies;however,a cmparisonoffigures4 and5
showsthatsweepdoesreducethemagnitudeofthespanloadcoefficients
s~ghtlyandalsoreducestheeffectoftheratio~/1+ onboththe
vertical-andhorizontal-tailloaddistribution.Forthesweptbacktail
configurationstheloadonthehorizontaltailwhenatthemidpositionis

-.

—— .
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almostnonexl.stantforallthreevaluesof Av considered.lhaddition,
forthelargervertical-tailaspectratioconsideredAv = 3.0, sweep

( iappearstoreversetheusualspaneffectontheverticsl.-tailoaddis-
tributionintheregionnearthehorizontaltailforthehighandlow
horizontal-taillocations.

Sideslipofhorizontaltailwithdihedral.-Aspointedoutpre-
viously,theseloadswerecalculatedfortheconditionwherea horizontal
tailhati dihedralwasin sidesl.ipwhiletheverticaltailremained
alinedwiththerelatinwind. Sucha conditionpermitsanevaluation
oftheadditionalloadduetohorizontal-taildihedralangle.Results
ofcalculationoftheadditionalspanloaddistributiononthevertical
andhorizontal.surfacesofunswepttailconfigurationsresultingfrom
sideslipofthehorizontal.tailwithdihedralarepresentedin figure6.
Theinducedloadin&ontheverticaltailis suchthatthedirectionof
theloadisoppositeforhighandlowhorizontal-tailconfigurations.A
shilarconditionexistsforthehorizontaltailinthemidpositionwhere
thevertical-tailloadsaboveandbelowthehorizontaltailalsohave
oppositesigns.Themagnitudeoftheinducedloadsontheverticaltail
dependsratherstronglyonthehorizontal-tailaspectratioor spanand
indicatesan-increaseinloadforan increasein Ah.

Thespanloaddistributionson,thehorizontaltailandtheeffect
oftheratioAh/+ ontheseloadsareaboutaswouldbe expected.For
horizontaltailsinthelowandId@positions,theloadappesrsto drop
offintheregionneartheverticaltail. Thisconditionalsoappears,
butto a muchlesserextent,forsomeconfigurationshavinghorizontal -
tailsatthemidposition.A considerationoftheloaddistributionson
isolatedsideslippinghorizontaltailshavingdihedral(seefig.7)shows
thatthespanloadcoefficientshavea valueof zeroattherootchord.
Theinducedeffectsonthehorizontaltaildueto thepresenceoftheload
ontheverticaltailaccountforthevalueofthespanloadcoefficientat
thehorizontal-tailrootchordinfigure6. It isapparentthereforethat
mutualinducedeffectsoccurandthatthedecreaseinloadinthevicinity
oftheverticaltailwhichoccursforthehighandlowhorizontal-tail
positionssndwhichisnotsopronouncedforthemidpositionistheresult
ofdifferenceinmagnitudeofthecirculationchangeontheverticaltail
attherespectivepositions.

Infigure8 theloadingdueto dihedralangleis shownfor45°
sweptbacktailcanbinations.Theresultsindicatedforthehorizontal.-
tailloaddistributionare,ingenersl,similarto thoseforunswept
configurations.Theeffectofsweeponthehorizontal-tailloadisto
reducetheloadandcauseitto shiftoutboard.Sweepappearstoreduce
considerablytheinducedloadontheverticaltailwhenthehorizontal

.

.
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“1

tailisinthehighposition.Infact,increasingvertical-ttilaspect
ratioforthishorizontal-tailpositionreducestheinducedloadandthe
effectofthe ~~~ ratiountila negligibleeffectoftheratioAhj& “
remainsforthecasewhere Av = 3.0. A similsxtrendisindicatedfor
“thevertical-tailareabelowthehorizontaltail.whenthemidposition
iSemployed.Theloaddistributionontheverticaltailabovethehori-
zontaltailwheninthemidandlowpositionsis similartotheunswept
configurationsbutofreducedmagnitude.

Steadyroll.-Calculatedspanloaddistributionsontheverticaland
horizontalsurfacesofunswepttailconfigurationsinsteadyro12aboutan
axisdinedwiththeverticsl-tailrootchordarepresentedinfigure10.
Theresultsindicatethatverticallocationandaspectratioofthehori-
zontaltailhavea largeinfluenceonthespanloaddistributionofthe
verticaltail,as does,of course,vertical-tailasp~tratio.heating
horizontaltailsinthehighpositionproducesaninducedeffectthat
increasestheloadingacrosstheentirevertical-tailspan.At themid
horizontal-tailposition,theloadinducedontheverticaltailappears
somewhatsimilartotheloaddueto dihedraleffectinthattheinduced
portionofthespanloadcoefficienthastheoppositesignforstations
aboveandbelowthehorizontaltail.At thelowhorizontal-tailposition, \
thel&crgerhorizontaltailsproduceda reductioninthetotalloddcarried
ontheverticaltailas comparedwiththeresultsforverticsltailalone.
OfparticularinterestatthelowpositionforW threevertical-tail 4

aspectratiosconsideredforan A~& valueof3 isthereversalof
loadintheregionnearthehorizontaltail. Itappearsthata reversaJ-
ofthesideforcefromnegativetopositiveanda possiblereversalin
theverticsl-tailcontributionto thedampinginrollcouldresultonly
forratherextremetailconfigurationsconsistingofa horizontaltail
ofhighaspectratioincanbinationwitha verticaltailof smallaspect
ratio.

Aswouldbe expected,theloadsonthehorizontaltailfora given
vertical-tailaspectratioappeartovaryahnostdirectlywithhorizontal-
tailaspectratio.A,cpmparisonoftheresultsinfigures10(a),(b),
and(c)forequivalenthorizontal-tallaspectratiosindicatesthatthe
vertical-tailaspectratiohassomeinfluenceonthehorizontal-tailload. o
In addition,itis apparentthatverticallocationofthehorizontaltail
slsoinfluencesthespanloadsonthehorizontaltail.,particularlyintbe
regionneartheverticsltall. Thisimfluencecanbe seenbynotingthe
vsluesofthespanloadcoefficientsattherootchordofthehorizontal.
tailfora givenvertical-tailaspectratioandvalueof ~1~. Forthe
rightsemispanthespsnloadcoefficienthaslsxgerpositivevsluesat
thehightailpositionsthsnatthelowtailpositions.h fact,forthe
lowpositionsa reversalinthedirectionoftheloadis imllcatedfor
theregionneartheverticsltailforallthreevertical-tailaspect
ratiosconsideredwhentheratioAh/Av hasa valueOf1.0.

.
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Figure12presentsthecalculatedspsnloadingsfor45°sweptback
surfacesof-tailcmbimtionsin steadyroll.A comparisonof figures10
and12forcorrespondingconfigurationsindicatesthatthemostnotice-
ableeffectsof sweeparea reductioninmagnitudeoftheloadonthe
horizontaltailandtheshiftingoftheloadoutboardtowardthetipsfor
boththeverticalandhorizontalti. h addition,figure12 indicates
thattheeffectoftheratio~/. onthevertical-tailloaddistribu-
tiondecreaseswithanincrease@ vertical-tailaspectratioforthe
threeverticalpositionsofthehorizontaltail.

StabilityDerivatives

Sideslip(r= O).-Thelateral-forceandrolling-momentstabili~
derivativesCY6 and Cze areobtainedfrmnan integration.ofthe

spanloaddistributions.“Sincethedihedralangleis zeroforthehori-
zontaltail,thederivativeCy@ resultsonlyfromthevertical-tail

load.The CXB derivative,however,iscomposedof contributionsfrom

boththevertirml-andhorizontal-tailloadsandrepresents,of course,
theresultforthecompletetailconfiguration.Theseparatecontributions

( ~)v W (CZp)h,respectively,areoftheverticalandhorizontaltails Ct

alsopresented.Sincethespanloadingswereobtainedintheformof step
loads,theintegrationsto obtaintheresultingderivativeswereperformed
onthesteploadingsandnotonthefairedloadingcurvesshowninfig-
ures4 and5. (SeeappendixA.) Furthermore,to enablea directcompar-
isontobe madeofthema~itudesofthevertical-andhorizontal-tiil.
conibinations,allderivativesarebased’onthevertical-tailareaand
spanas indicatedpreviously.Basingthederivativesonvertical-tail
geometrynotonlyappliesfortheside-slippingtailassemblyresults
butalsototheresultsofdihedraleffectandsteadyroll.

The cyD resultsfortheunswept-tailcombinationsshowninfig-

ure14 andforthesweptconfigurationsinfigure15 areplottedagainst
theratio~/+. Theresultsfortheunsweptconfigurationsshowthat
anappreciableincreasein CYB canbe obtainedwithhorizontaltaib
locatedateitherextremityof”theverticaltail. Themajorincreases
in CyD wereobtainedby increasingthevalueof Ah/& to about1.0.

Theresultsshowthatthislimitingvalueof ~ ~ isa functionof
Ivertical-w aspectratioandthAtitincreasesasvertical-tailaspect

ratiodecreases.Furtherincreasesinthisratioabovethelimiting

.
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vslueproducednegligible
end-plateeffectobtained
tiesoftheverticaltail

NACATN 32k5

u

increasesinend-plateeffect.Themaximum
by placingthehorizontaltailattheextremi-
appearedasanincreasein CYP,whichamounted

.

to a 20-percentincreaseforthehigh-aspect-ratioverticaltailanda
50-percentincreaseforthelow-aspect-ratioverticaltail. Similar
trendaareindicatedforthe45°sweptbacksurfacespresentedinfig-
ure15,particularlyforthelowhorizontal-tailposition.Forthehigh
horizontal-tailposition,theeffectof sweepappearstoreducethe
availableend-plateeffectforcorrespondingunswepttailconfigurations,
partic~ly asvertical-tailaspectratioisincreased.Forexample,
thecurveforthesweptconfigurationhavinga verticaltailofaspect
ratio3.0indicatesthattheend-plateeffectsavailableby increasing
theratio +/& arealmostnegklgible.Theeffectof sweeponthe
calculatedCy

B
forallthreeverticallocationsofthehorizontaltail

isalsoapparentinthereductionofthemagmitudeof Cyp forequiva-

lenttailaspectratiosandinthespreadbetweenthecurvesfordiffer-
ent 1+ velues.~ addition,increasingtheratio+1~ hadno effect
on Cy

P
whenthehorizontaltailwasplacedatthecenteroftheverti-

caltail.

A comparisonoftheunswept-tailresultsforthelowandhigh
horizontal-tailpositionsgivesan indicationofthemagnitudeofthe
effectofvertical-tailtaperrati-oontheavailableend-plateeffect
(forverticaltailoftaperratio1.0identicalvsluesfor CyP result

forequivalenttailsizes).Comparingtheresultsforhighandlow
horizontal-taillocationsforan Av valueof1.0fortheunsweptcon-
figurationsindicateslittledifference;butas Av isincreasedto 3.0,
forexsmple,themax3mumavailableend-plateeffectforhighhorizontal-
taillocationsis onlyabouttwo-thirdsofthatindicatedforthelow
position.Shilarcomparisonsoftheres~tsforthesweptconfigura-
tionscamnoteffectivelybemadesincethenecessarydifferentiation
betweensweepangleandvertical-tailtaper-ratioeffectsis +lmost
hpossibletoperformforthelimitedrangeoftail.configurationspre-
sentedherein.

Theesttitedrolling+momentderivatives
(c%): (C’l$h’m c%

exepresentedinfigures16,17,and18,respectively,fortheunswept
tailconfigurations,andinfigures19,20,snd21forthe450swept-
backconfigurations.Theresultsshuwthatthehorizontaltailat
eitherextremityoftheverticaltailcontributesto thetotalroU_ing-
momentcoefficientintwoways. First,thehorizontaltailactsas an
endplateontheverticaltail,andthusincreasesthevertical-tall
loadand.itsresultsntmment. Second,thehorizontaltailhasonit

/
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an inducedloadwhichresultsina rol~g mcunentoflargemagnitudewhen
theaspectratio(orspan)islarge.Thedirectionaswellasthems@.-
tudeoftheloadsonthehorizontaltaildependsontheverticalposition
ofthehorizontaltail. Thus,whentbehorizontaltailisinthehigh
positionthevertic~-andhorizontal-tailrolJi.ngmomentsareaiklltive,
whilethemomentssubtractwhenthehorizontaltsilis inthelowposi-
tion.Theinducedloadandrolling-mmentcontributionofthehorizontal
tailissmaXlwhenthehorizontaltailisatthecenterofthevertical
tail.

Theeffectsof.sweeponthetailrollingmomentsappesrtobe rather
small,particularlywhenthetailsconsideredareoflowaspectratio.
ThemomentsofthesurfaceshavingIx&heraspectratiosareslightly
smallerfor45°sweptback@il.sthanforunswepttailsofthesameaspect
ratio.

Sideslipofhorizontaltailswithdihedral.-Theadditionalloading
ontailsurfacesduetohorizontal-taildihedrslcausesboththehori-
tsltailandverticaltsilto contributetothelateralforcecoeffi-
cient.Thevertical-ttiforceisa resultofaninducedload,whereas
thehorizontal-tailforceis causedpr-$maril.yby thelateraltiltofthe
liftvectorsthroughanangleequalto thedihedralangle.Thevertical-
tailcontributionisproportionaltothedihedralangle,whereasthe
horizontal-tailcontributionisproportionaltothesquareofthedihe-
dralangle.Theresultsareshowninfigures22 and23forunswept
tailsandinfigures24and25for45°sweptbacktails.

Thecontributionsofthetailsurfacestotherollingmomentare
showninfigures26to28 forunsweptsurfacesandinfigures29to 31
for45°sweptbacksurfaces.Theresultsforboththeunsweptandswept
tailsindicatethatthedominatingeffectishorizontal-tailsizeas
‘indicatedby theratioAh/+. Fortheunsweptcasesa smalleffectof
verticallocationisalsoevident,andfrm theseparatedcontributions
oftheverticalandhorizontaltails,itisapparentthatmostofthe
heighteffectistheresultofdifferencesinloadingonthevertical

tail . Thecalculationfor
()
c+ fortheunswepttailsindicatethat

theeffectofthevertical-taila~pectratioisnegligible.Theusual
effectsofsweep,thatis,a reductioninthemagnitudeofthederiva-
tivesforeqtivslentconfigurationsanda reductioninthespread
betweenthecurvesforcomparablefigures,areapparent.Thecalculated

resultsfor
()
>

fortheswepttailsindicatethat
v

effectforhorizontaltailsatthetopofthevertical

Av hasa slight

tail. Thenet

. . . —. .. ..—-——
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resulton > forthecompleteconfigurationsforvariationsinheight -
cl

isthatanincreaseinheightincreasesthemagnitudeof + for~erti.

csltailsof~pectratios1 and2;however,for Av = 3.0 theopposite
trendisobservedfortailsatthetidandhighpositions. ‘

Steadyroll.- Theresultsobtainedforlaterslforcedueto rollare
showninfigures32and33forunsweptand45°sweptbacktails,respec-
tively.Theresultsshowthat Cyp,which’iscontributedonlyby the

verticaltail.,islargelyaffectedby horizontal-tailaspectratioifthe
horizontaltailis ateitherextremityoftheverticaltail. limreasing
theaspectratioofthelowhorizontaltailcausesCy to decreasein

P
_tude, where=theoppositeiStrueforthehighhorizontaltail.
Thiseffectis,of course,a consequenceofthechangesinvertical-tail
spanloadcausedby thehorizontal-tailload. (Seefigs.10and12.)

ThecalculatedresultsforthedampinginrolJ_contributedby the
unsweptverticaltail.,horizontaltail,andccmpletetdl assembliesare
showninfigures~, 35,and36,respectively.As expected,theresults
offigure36ticate thathorizontal-tailaspectratioor span,asindi-
catedby theratioAh/~ fora givenvalueof Av,hasanappreciable A

influenceontheresultingCzp ofthetailassenibly.Whatis ofinter-
est,however,isthatforthelowandmidhorizontal-tailpositionsthe
ratioAh/. hassminfluenceonlywhenthehorizontaltailislarger
thantheverticaltail.Fortheramgeofvsluesof ~1~ fromO to1.0
forthelowand’midlocations,thealmostconstantvalueof Czp appears

tobe essentiallytheresultoftwoopposingeffects.Consider,for
example,thehorizontal-tailcontributionforthelowhorizontal-tail
positionasindicatedtifigure35. An inducedloadexistsonthehori-
zontaltailsimilartothesidesliploadshowninfigure4, a resultof
thepresenceofthehorizontal.tailatthebaseoftheverticaltailthat
is carryinga load. Superimposedonthisloadisa loaddueto steady
rolling(fig.n). Thesetwoloadsopposeoneanotherandtendto cm-
cel. Whenthehorizontaltailis oflowsspectratio,theresultant
mmnentfromtheaforementionedloadsisverymall. Fortailcombina-
tionswithhigh-aspect-ratiohorizontaltails,therollingmomentdueto
ro13dngpredominates.A shilareffectoccursonthevertical.tailin
thattheend-plateeffecttendsto increasetherol~ngloadonthever-
ticsltail,andtherol~g loadonthehorizontaltailinducesa side-
washwhichtendsto decreaseit. Thetiteractionoftheseloadsissuch

()
that C2Pv isonlyskl.ghtlyinfluencedbythehorizontal-tailaspect

ratio,’atleastfort- rangeof sizepresentedhere.
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Forthehighhorizontal-taillocationsimilareffectson Cl
()Pv

a (CZP)h
occur;however,forthisconfigurationthe

loads ~e--”inthe same direction as the rollingloads.

Theresultsfor C
(Qv’ (“~h’ d ~~ fortie

inducedend-plate

45°sweptbacktail

configurationsm?epresentedinfigures37,~, and39,respectively.A
comparisonoftheresultsfortheunsweptandswepttollstidicatesthe
us&l effectsofsweep,suchas,a reductimin
derivativesforcorrespondingconfigurations,a
aspectratioofthetail.surfacesinvolved,and
ofverticalpositionofthehorizcmtaltail.

the magnitudeofthe
reductionineffectsof
a reductionineffects

CONCLUDINGREMARKS

Wbsonicspanloadsandtheresultingcontributiontothestability
derivativeshavebeencalculatedfora‘systematicseriesofvertical-
andhorizontal.=tailcanbtitionsin sideslipaudinsteadyroll.All
calculationsweremadeby applicationofthediscrete-horseshoe-vortex
methodtotheproblmofestimatingloadsonintersectingsurfaces.The
investigationcoveredvariationsinvertical-tailaspectratio,the
ratioofhorizontal-tailaspectratiotovertical-tailaspectratio,the
effectsofhorizontal-taildihedralangle(forthesideslipcase),andthe
effectsofverticalpositionofthehorizontaltailforsurfaceshaving
theirquarter-chordlinessveptback0°and45°. Theresultsofthe
investigationarepresentedinchartsfromwhichthespanloadsforthe
variousconditionscanbe obtained.Theresultingstabilityderivatives
arepresentedasvertical.andhorizontal-tailcontributionsasweU as
totaltail-assemblyderivatives.

TheresultsofthisInvestigation,whichwasmadefora widerrange
ofgemetricvariablesthanpreviousstudies,showedtrendswhichwere
ingeneralagreementwiththeresultsofpreviousinvestigations.Also
presentedinthispaper1sanextensivetableofvaluesofsidewashdue
toa rect~ vortex,whichwasusedinthecomputations.

LangleyAeronauticalLaboratoryj
NationalAdvisoryCcmmitteeforAeronautics,

~ey Field,Va.,June2g,195’4.

——- . ..— ——— ——— —- -- — -- —— ——.—
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APPENDIX A

.

THEORETICAL CONSIDERATIONS

Applyingthediscrete-horseshoe-vortexmethodofdeterminingspan
loadsto a vertical-andhorizontal-tailcombinationinvolvestherepre-
sentationofthesurfacesby a finitenumberN ofhorseshoevortices.
(Seefig.2.) Thisprocedureisequivalentto anapproximationofthe
actwl spanloadbymeansofa finitenumberof steps.Afterthecircu-
lationstrengthofeachhorseshoevortexhasbeenfound,thelocalsec-
tionforcecoefficientcanbe deter&nedandintegratedto yieldthe’
correspondingforceandmomentderivatives.

Inthisfinite-stepmethodthehorseshoevorticesaresolocated
thatthecenterofeachb.oundvortexliesonthesurfacequarter-chord
line.Thetrailinglegsofeachvortexarecontainedintheplaneofthe
surfaceandextendto infinity.Theboundaryconditiontobe appliedis
thattheairflowistangentialtothesurfaceat specifiedcontrol
~oints. Thesecontrolpointsarelocatedalongthethree-quarter-chord
lineatthemidspanofeachhorseshoevortex.Fora tailconfiguration
representedby N horseshoevortices,thereexist,ofcourse,N control
points;andtheboundaryconditionis satisfiedateachby equatingthe J
normal”velocityarisingfromthecompletevortexsystemto thecomponent
ofthefree-streamvelocitynormaltothesurfaceatthatpoint.This.
methodyieldsa setof N simultaneousequationswithoneequationfor r

eachofthe N controlpoints.Theseequationsareoftheform

NKn f (x~,y’,z’)
7J3c/4‘~1~ n (1)

Thenormalvelocitycomponentatanycontrolpointresultingfroma
systemofhorseshoevorticesrepresentingtwointersectingsurfacescon-
sistsofthedownwashcontributedby allhorseshoevorticescontainedin
thesameplaneasthecontrolpointplusthesidewashgeneratedbyall ‘
horseshoevorticeslocatedintheintersectingplane.Reference7 pre-
sentsgeneralexpressionsforthedownwashandsidewashvelocitycom-
ponentsdueto a singlerectangularhorseshoevortexreferredto a set
ofCartesiancoordinatestiththeoriginlocatedatthemidpointofthe
boundvortex.Nondimensionaliz@thethreecoordinatedistancesappearing
intheequationswithrespecttothevortexsemispanandrearrangingthe
termsyieldsthefollowingexpressions:Forthedownwashvelocityw
intheplaneofa rectangularhorseshoevortex(z’= O),

—
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1

Y’-l
[

1+
I

1
ti

+
1

y’+1

[

1+

1
x’ I

(2)

andforthesidewashvelocityv~ atanypointonan intersectingplane

,kfid z’
‘T=

r

1
Z’2+ (y’+ 1)2

L

z’

[

1
2’2+ (Y’ - 1)2

Theright-handsideofeqxation(2)

-1
x’ I

+

~.-

2~f2 + z~z+ (y’ + 1)

x’
-1-

1

(3)
2Xiz+ 212+ (y’- 1)

isdefinedhereinas F(x’,y’).
Tabulatedvaluesofthisfunctionareavailableinvariouspublications
fora widerangeof x’ and y’ values.(Forexsmple,seeref.8.)
TablesofthecorrespondingfunctionF(x’,y’,z’)ofequation(3)were
notavailableand,consequently,thefunctionwasevaluatedandtabulated
forthe x’, y’,and z’ valuesapplicabletothepresentinvestigation.
(SeeappendixB.)

Inthepresentinvestigationtheverticaltailisrepresentedby a
systemof sixandthehorizontaltailby 12 equispanrectangularhorse-
shoevortices.Eachofthethreebasictypesof loadinginvestigatedfor
eachtailconfigurationleadsto antisymmetricalloaddistributionson
thehorizontaltail. Theloadscarriedon eachsemispanofthehorizontal
tailhavethesamemagaitudeanddistributionbutareoppositein sign.
(Forexample,infig.2, K1 = -Ku, ~ = -KU, etc.) Sincethisparticu-
larconditionexistsandsincesixhorseshoevorticeswerelocatedoneach
semispanofthehorizontaltail,thenumberof equationsto be solvedcan
be reducedfrom18to I-2.Ifthecirculationstrengths~ areassumed

.

. —-- -- - —---—- —— — - -——--—-—-—-- ——. . - .——-— —.— ---——-——— __—— —-
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to be positivefortherepresentationshowninfigure2,theformofthe
stiultaneousequationsbecomes

n=6 %1
u3c/4‘~ 4ycdh

[
fn(x’,y’,z’)-

In=18
f13-n(X’,y’,z’) *>-5 fn(x’,y’,z’) (4)

n=lj4fi~

The summationfrom n = 1 to n = 6 representsthehorizontal-tail
contribution,andthesummationfrom n = 13 to n = 18 representsthe
vertical-tailcontribution.Thesignprecedingthesecondsummation
dependsonwhere u3c/4 isbeingcomputed.Theplussignisfor
horizontal-tailcontrolpointsandtheminussignforvertical-tailcon-
trolpoints.Theterm U3C/4 representstheboundaryconditionsata
givencontrolpointandisusuallyreplacedby a moreappropriateform
depending,of course,onthetypeofmaneuverunderconsideration.The
boundaryconditionsassociatedwithtailcombinationsin sidesl.ipand
steadyrollareasfollows:

Boundaryconditions,u3c/4
Case Typeofmaneuver‘

Horizontaltail Verticaltail

(1) Sideslip,r = O 0 VP

Sideslipofhorizontaltails,
(2) verticaltailat f3= O, nr o

r+o

(3) Roll P% ~v P% ~v
v% Vbv

In case(3),the y and z coordinatesappearingintheboundarycon-
ditionsrepresentdistancesmeasuredto eachcontrolpointundercon-
siderationrelativetothestabilitysystemofaxesforthecomplete
tailconfigurationandshouldnotbe confusedwiththeprimedvalues
usedpreviously.Substitutingtheseboundaryvaluesintoequation_(4)
fortheappropriatecontrolpointsanddividingthroughby V13,Vi’P,

.
\

.

-—. ._— _— —
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()
pbv

and V forcases(l),(2),and(3),respectively,yield12 simul-
V

taneousequationswith12unknowns.As an illustrativeexample,case(1)
ina morereducedformcan%e expressedinthefollowingmanner:

Forcontrolyointslocatedonthehorizontaltail,thatis,points1
to 12 (see fig.2),

n=6 K
o=~~

[ 1
Fn(x’,y’)- F15n(x’jY’)+

n=l4fidhV~

n=18
E

% Fn(x’,y’,z’)
n.134fi~V~

Forcontrolpointsonthe~n%zicdtail(13to18),

Fn(x’,y’,z’)- F15-n(x’)Y’~z’)

n=18
E

k Fn(x’,y’)
n=1341f~V~

(5)

(6)

Thesimultaneousequationsofthistypeobtainedforthevariousflow
conditionscanbe solvedfortermswhichyieldthespanloads.Now,if
thetermcontainingtheunknowncirculationstrengthsandboundarycon-
ditionsisdesignatedasloadcoefficient,thentheloadcoefficientfor
thethreecasesconsideredhereincanbe obtainedasfollows:

Forcase(l),

Forcase(2),

- .—._. .— —..—---- . . ..— . ,——— ~-— ..— z. ——-— —-— —— ——— —- —
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Forcase(3),

K and
4fidpbv~h~

Thetwoloadcoefficientsrepresented

NACATN 3245

r“

.
K

differonlyinthe
te~sdh and ~ appearinginthedenominator.Thisdifferenceis
theresultofusinghorseshoevorticesofdifferentspansto represent
theverticalandhorizontaltails.A moreconvenientandusefulformof
theloadcoefficientscanbe derivedby utilizingthewell-knownKutta-
Joukowskiequation

2=pvK

where 1 istheloadperunitspan.By useofthisequation,thefol-
lowingrelationshipscanbe obtained:

cc(–)z Kn
= 1.0472Ah

6P h 41’tdhV~

()cc_y Kn
= 2.0944~

E$rv 4Ycdvvpr

\

(7)

—— ——.. .. . —— _ —— —-—
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Propersummationofthesespanloadcoefficientsyieldsseveralofthe
moreimportantaerodynamicderivatives.Thesederivativesandtheir
correspondingsummationsarelistedintableI.

.———-— — ——.- —-—— -- —-— -.—-- —— - — ——. — -.— —
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APPENDIX B

SIDEWASHDUE TO A RECI!ANGUIAR

HORSESHOEVORTEX

NACA TN 3245

Thesidewashdueto a rectangularvortexof semispand canbe
determinedfromthefollowingequation:

kfidF(x’,y’,z’)= V’~

r 1
z 111+ x’

2= ~t2 + (y’ + 1)
X*2+ 2’2+ (y’+ 1)2

J-

*

Z’2+;Y’ -1)2[i
1+ x’ 21(8) ,

,3x~z+ 2!2+ (y’- 1)

l?hf? x’, y’,and z’ componentsarenondimensionaldistances(multiples
of d)andaredefinedrelativetothehorseshoevortexas indicatedinthe
followingsketch:

z’

i
K

Equation(8)hasbeenevaluatedforthevaluesof x’, y’,and z’ required -
forthepresentinvestigation,andthe resultsarepresentedintableII.

—- — ————z—— .._-
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JL~ y’ and z’ valuesofthetablearepositive.A changein sign
of y’ or z’ changesthesignof F(x’,y’,z’). Ifboth y’ and Z’
arenegative,then F(x’,yf,z’)retainsthesigngiveninthetable.
Valuesofthefunctionatpointsnotgiveninthetablecanbe obtained
by carefulinterpolation,providedthat F(x’,y’,z’)isnotchanging
veryrapidlywith x’, y’,or z’. If F(x’,y’,zt)iS changingrapidlYJ
itisadvisableto computetheactualvalueby useofequation(8).

1

—.—. —....—.-------- --—- .—— -—— -—------—-.—--—-.. . --- ----- --- —.- - ---- .- -—-— —-- —
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-F(x’,Y’,z’)
x’

Y’-l Y’-3 YS=5 Y’=7 Y’=9 Y’=~

z’-0.66-67

-10.7037 --—— --—-- -— -- —---- -——. o.Ca)3
-10.2593 --—-- ----— ---—- ------- -—-. .0033
-10.2222 —--- ------ ---— ---.— ----- .CKI03
-9.55% ------ -——- ----— ------ -—-. .mo3
-9.0741 ------ —---- ----- -—-— ----- .0m4

-8.7778 ------ --—— ----- -— -- ----- .0004
-8.7037 --—- ---— ----— ----- 0.0C05 -----
-8.621x --—- ----— --—-- --—- -—---
-8.4444

.0M4------ ----— --— ---.-- —---
-8.2593

.mo4----— -——- ----— ----- .W ------

-8.2ZZ2 ---—- ---—- ——— -----
-7.7773

.m —-–--—-- --—-- ——- ------ -——-
-7.7037 —-– --—-- ——— -——- --——

-7.?+44 ----- ----- ~~~~ ----- -:Z -:
-7.53-6 ------ ---—- ------

-7.0741 --—- -—-— -—-— --—-- .W
-6.7778 -––- ----

-—---
---—- —---

-6.7037
.0m8 –--–

---—- —---- -—--- O.ml.o -— --—-
-6.6296 —---- --—-- —--— —--—
4.555.5 —-–

.Qxk9 --––
--—-- --—-- ----- -—--- .0006

-6.4444 -—– --—-- --—- ----- .CP2ca -—--
-6.2593 —-- -—--- --.— .Cml ---—
-6.222.2 –-–-

—-—-
----— --—-- .Cm12 ----— -—-—

-S.m ------ ---—- ——— -—--- .COlo —-—
-5.5556 -—-- -—--- ------ .m5 ----- ------

-5.4444 ---- ---— ------ -—--- .CH31J. -----
-g.iZZ!2 ---- --—-- —— -- ---—- ——- .0m9
-3.0741 ------ ------ ----— .oo17 ------
-4.7’7’78 -––-

--—--
----— --—- .@m --—--

-4.7037 –-–-
-—---

---—- 0.CW28 --—— --—- ------

-4.62 —---- ------ —-— .Cc120 -——
-4.5556 ---—

-—-_
---—- --—-- -— -- .mlk ---—-

----— ---— -——- .00ZI. —--- --—
;:g ---- –--– .W4 -—-— ----- ---—

----- ------ .0335 ----- --_— --——

-3.7778 -—--- -—— ---—- .- -–-– ----
-3.5956 ------ .— -- .0048 --—-- —— ——_
-3.4444 —---- -——- -— -- .CKlm --— --—-
-3.2222 -–-– ----- ----— -—-— .0319 --—--
-3.0741 ---- ---—- .0061 --–– ---—- --——

-=’.m ——- -—-— .Cx3p -—--- ----- -— -_
-2.7037 -—--- 0.0137 ------ --—— --—-- --——
-2.6293 -—--- ------ .Om --—— -— -- ---—-
-2.55X —--— --—— ----- .0040 -—-- ---—-
-2.4444 —---- ---- .@32 --—-- —-—- ——-

-2.2593 —--— .ol~ ----- ---— -—— -—-—
-2.2222 —---- .0201 ---— ------ ---—- ---—
-1.7773 ——— ------ ------ --—-- -—-_
-1.5556 —--— .0349 :~ ----— --—- --—-
-1.4444 ------ ---—- .OI.29 _--— ----— --—-

-1.2222 ------ --—-- ------ .W9 ----- —— --
-1.0741 ------ .QmJ --..-- -——- —--- —----
-.7778 -— -- .@2 ---—- ------ ------ ------
-.7’037 0.30% -—--- ------ ------ ----- --—_
-.@% ------ .0728 ------ ----- -—--- --——

/-

------- .. —-. —— . .. —.- .——. —- ---- .—. ..— ~. . .— . . . ..— ——-. —. .-—



NACATN3245

.

TABLEm.-210HA2HIKIE!COARKWEWMRHoFmmoEVmcEx-c-mtlnued

-F(x’,y’,z’)x’
Y’=1 Y’-3 I Y’=s Y’=-i’ I Y’-9 Y’-~

z’F 0.6567

-0.5536 ——- -— -- 0.01B4 —---- -—-— ---—-
-.4W+ -—– 0.0829 —— -- —— -—- -——-
-.2593 0.8246 -—-— -—--- -—- —-—- —----
-.2222 .&mk -— -—— —— .— - ------
.2222 —— .m — —--- —--- ---—-

.4444 2.W —-— ——- ----- -—--- ---—-

.5555 —— .3.422 –-–- —- ——- -— --

.7778 —- —— .@@ ---- --–- --”-

.%259 2.m —-—- —-— -—-— -—-— -——-

.S@J 2.5210 .1624 .m 0.0396 0.OC.$3 O.-

1.UJJ. 2.%63 .- .W .m .m4J+ .Cx)z
1.22Z? 2.5916 -— -- -—-- —---- —----
1.2%3 2.5@9 .1744 .Om .O1o1 .m45 .U4
1.3704 2.6171 ----— -— -—— ----- ------
1.4’074 2.6223 .1795 .0314 .o1o3 X046 .0324

1.4444 2.627’2 .1806 .0316 .o1o4 .0246 .0024
1.5556 2.6397 .I.8ko .0322 .olo~ .CQ47 .-
1.6667 2.6497 .1o’j’1 .0328 .OI.07 .m47 .0025
:.%7 2.6526 J.&33 .Om .O1.08 .0047 .ma
. 2.6644 .1924 .0339 .Oslo .W49 .0025

2.I.ISL 2.67k2 .1969 .0349 .OIJJ+ .- Jm26
2.22Z2 2.6779 --— -—— -—- ---& -:---
2.=33 2.6810 -w .0359 .o117
2.5556 2.6857 .am .0567 .0119 .0052 .0027
2.7778 —— .* -— -— -- —— -- -—--

2.fX89 2.6%!JI .EfYp .0379 .0123 .@@+ .0#3
3.3333 2.69Q .Elv .0392 .Cw8 .0056 .00E9
3.4444 2.69k7 -r-——— --- --—-- ----- ----
3.7778 2.6962 .0133 .Om .O@J
4.W 2.697JI .2N14 .0410 .o135 .Cca .m

4.6657 2.6982 .2V5 .0417 .0139 .0051 .cQ32
4.7778 2.6984 ----- -— -—--- -—- --—--
5.lml 2.6987 .0k2 .o142 .CQ63 .Ooy

z’=1.03C0

-10.55!% -—-— --—- —-- . ——- —---- 0.0304
-9.W -–— –—- ---- -—--- ---—- .Cm4
-9.8333 —— _—— -——- -—-— -—-— .C#4
-8.833 —- ——- --—-- -— .0w5
-8.55? -— --—- -—- -—— 0.CKKT7 —----

-8.IJJI ------ --—-- —— -- ----- --—— .(W%
-T.m ---- -—– —---- --—— .0YY3 ------
-7.8333 -–-– -––- —— --—- .- –--–
-7.6667 -— -- -—— -—— —— -- —-—
-7AM -—– –-–- --—- —–- ---- :Z

-7.1667 —-—- --—— --—-- -—— --—-- .0CG9
-6.8~3 --—- --— --—-- ——— .CQ1.1 ---—-
~.55~ __ -–-– -––- o.oo15 ---—- -----
-6.lf%7 —-- –—- -––- –-–- ----— .ml.o
-6.lln —- --—- -——- -— -- .CK)u ------

-,

—.

,



NACATN3245 29

TABLwII.-~lWETOARWMMEAR HoRmm3EVuRIm-C!antimled

-F(x’,Y’,z’)x’
Y’=1 Y’=3 Y’=5 Y’=7 Y’=9 Y’-~

21-1.-

-S.w --—-- —---- .-—-- O.ang
-5.8~5 -—-- -—– -—–

----- -——-
.Oom,

-5.6657 ---
----— --—-

----- ---— -—-- O.w
-s.4444

O.oo11
-—--- --.-- ..-—— -—--- .an6 ——-

-5.1667 ––– —--- --—-- --—-- .m17 ----
-4.8333 --—- --— –-–- .Cx)q —- -—-4.5556 -—– –-– O.ti -—- -----
_4.3333 ---- -—--

---.-
..---- ---—- ----—

-4.l&i’
.OQlb

----- ----— ——— _-—— .co22
-km ---- -–-– -–-–

———
.(X)35 —- -—--

-3.- ---– –--– .@ —--- ----- -----
-3.8333 —-- ------ .@ ------ –—- –-—
-3.m ---— ---- ------ .til —-—
-3.4444 ----- ----- .-—-- .Cc.44 -:= ---–-
-3.1667 ---—- ---—- --—- .MIM --- -—-
-E’.8333 —-..-- ----- .W ----- —-—-
-2.55% ---—

--—-
o.0217 ----- -—- ---—- —---

-2.5555 —-— ——— ------ -—— .co35
-2.u%7 —-—- -—-- ——- .00b5 –-— -.L-
-2.IJJ.I. —--— --—-- m --—-- --— —-—

-1.8999 ——— .0365 -—-— ------ —-— ---—
-1.8333 —-- .0383 ——-- --—- --—— ---—
-1..%67 —-— ------ ml& .- –--–
-1.4444

-----
—--- ------ ----- ---—

-1.1667
--—-

----- —--— .0a9 -—-- -––- -----

-.8333 -—-- .O@J ---- –-–- –—- -—--
-.s5% 0.$s -——- -—— -—-- ---—- --—--
-.3333 ----- -—-- -—--
-.l@7

.0m9 .@w –--–
----- --—-- .Oyx? ——-

-.Uu
------ —---

—-— .1328 —–- ------ -— -- —-—

.Ull .W5 ---- ---- ----- ——_

.1667 .9496 ----
-——-

-.—-- ---- ----- ———
.3333 ----- .165g .0351 -—— ---— -—--
.5556 ---— .lm ---- ----- ---– ------
.5333 ---- .1994 -—-— ----- ----- -—-

1.1667 1.4667 -—-- ----- ---—- —— -- -—-—
1.4444 1.5137 .2303 .04s .01Jx2 .CYxa .Cm6
1.6667 1.53M .m .0467 .0157 .00’70 .m37
1.8333 —---- .2441 -— -- ------ —--- -——
U&39 1.5547 .2457 .0483 .0162 .@m Jmx

2.1111 l.%ia .=7 .04=98 .Ol& .C074 .Cnm
2.S7 1.56M .W1 .0167

1.9748 :%
.0074 .Oom

2.3333 .m .o171 .CK175
2.50Q0 1.5794 .2598 .05al .0174 .W7 :x
2.5555 1.5!307 -2607 .o~ .ol~ .(u(7 .0940

2.&333 1.58@ .0537 .Olm .02~
:Z

.(XA1
3.lf47 1.W .0552 .0185 .Ocal .0042
3.m L>n .m7

:Z :~~ -1:
.m143

3.6467 --—- .2728 -—---
3.8333 1.5949 .2739 .0574 .01% .00k4

-.. -.— .—-. —— --—— _— —.—...--. .--—- ---— -.— -—- —. —.. -- — .—. —



30

TAmEn.-SIOEWASHDJE!lDA~~ VomEx-Contlnuea

-F(x’,Y’,z’)
x’

Y’-l Y’-3 Y’-9 Y’=7 Y’=9 I Y’-D.

Zv.l.m)o

4.MX7 —---- ——— --— -—-—
4.3333 1.5%7

0.0098 -—-----
0.2763 0.0398 O.oax

k.55%
.W o.oa46

I.m —--- --—— ——— -—--
5.om

------
l.m .2784 .O&O .@w .W92 .0048

5.I.657 -—--- --—— —-— -—--- .0093 ------

5.6667 1.5%7 .Mo9 .0w2 .@2J19
5.8333 1.W LH?l

.0095
--—--

6.3333
--—-- -—-— —----

1.= .0616 .oa6
6.5s –—- ;~ —-

.Wn .W51
---—- —----

7.oa30
-----

1.5994 .C&n .0Z20 .- .m52

7.6557 1.599s .2814 .C62b .- .O1o1
7.8333

.0053
--—-- .2814 –--— -----

8.55s —--
--—- ------

--—-- .C-528 -—– --—- ------
9.(W57 1.y2g8 -—-— —---- —— -- ------ -—---
9.8333 ----— -— -- .C@l ––– ---— ------

10.55Y5 ——- —--- -—
IL6567

.0228 ——— ---—
—-— .- ---- ---- ----- -----

U.8333 —— -—— -— .0230 -––- ----
12.55% ——— -— -- ___ —--- .Olq
13.6667 ---— —---

---—
.(%34 ––.- -—--- ------

13.8333 —— –-— --— -—-- .0108 -----
14.55% —— —- -—-— ------ .C@
15.6657 -—- —-— --—-

-——-

15.8333
.0232 -—- -----

——_ -—_ -—--- —-
17.66.57 —-–

-----
--—-- ---— -—-- .W :~

19.6667 —-– -–— -––- -—-- --—- .W9

z’=l.m

-7.1667 ——- ---—- -—-.- ---—- 0.0012
-6.9444 -–-–

-—-—
----— --—-- -——- .Cm2

-6.CKHY3 —– --— -–— —-- -—-
—---

.aJls
-5X667 ---– -—- --—-- -—- .0016
-9.1667 ---— --–– -–— –-–-

—— --
0.C?W6 —----

-4.944.4 ---— -–-– ----- -—--
-4.CKroo

.W --–-
-—--- --—— --—-- ---- .OC@+

-3.66S7 –--– –— ---- --––
-----

.0337
-3.1667 ––– --—- --––

------

-2.9444
0.CX)69 -—— ------

-— -- —---- -—--- .0074 ---- ----

-2.5Cm —-—- —--— -—- —--- —— -- .Q3x
-2.OCKO —---- -— -- -—-—
-1.8333

.WEJ —--- ------
-—--- —— ——— —— ----- .0033

-1.6667 —-- -----
-1.I.667

----— .@w --—-- --—-
-——- —— 0.02% —-- ----- ------

-.944 -–— --— .o~ —— -- —---
-m —–-

------
----- —— -—— .W13 —---

—--- —-— -----
:% --— —–- -:!?! -–—

----- ----—

.3333
------

—-— --—- .04n ––– -:% ----

.8333 –-— o.21& -—-— --—- -----
1.0556

—----
-—_- .=5 —-- –--– –—-

1.4444
--—--

0.7690 .w6 .0&14 .oa5 .W9 .COyfl
1.50W —---- --—— --—— .02L7 —----
1.6%7 .ml .2611

------
.- .0222 .O1o1 .0054

.

.

.

-——— .—— .— _.—. .—. _ —.—_ ____ —— —.



NACA TN 3245

TABLE m.- SUEWASHHlET4)A~ ~m Vom2x - CantInwd

31

-F(x’,y’,z’)
x’

Y’=1 Y’=3 Y’=5 Y’=7 Y’=9 Y’=~
’21=l.ylxl

1.W 0.8041 o.@3 0.0!2-8O.= o.o1o4
2.m

O.ms
——-- .W --–– ––– ------ ---—-
.8X33 .2?’63 .a~ .0236 .Oloj’

::s .8176 ;Z77& .672
.0057

.0237 .Olq’
2.3333 .8237 .@& .0242 .ol~ :3
2.~ .8286 .!%&l .0698 .0246 .o111 .m>
2.9736 .8xn .2872 .cqo2 .0248 .01J2
2.8333 .8359 .m

.Opl
.8394 -:~

.0255 .W .axm
3.0556 ---—- ----— -—--
3.1657 .W .m .cqkl .021S2 .0u8 “X2;

3.m .W1 .y310 .0758 .&g .Ou?l .(X%4
3.8333 e-465 .W39 .0772 .0276
k.amo .8474

.ou?4 .0065
—---- --—- --—— --——

4.1667
.--—-

------ ----- .07’85 -—-- ---—-
4.3333

——-
.W .3072 .Om .- .0128 .@%7

4.8333 .87x? —-- ----- -——- --—- -—--
g.cnxlo .- .cem

.897 .-1? --–-
.&

9.0556
.m3 .~o

-—--- --—- -——
S.m —----
5.6667 .8fi

,Uk –--– --–– —--- --—-
.- .O%a. .oy31 .o137 .-

6.oow .W9 ------ —-—- --—- —-—
6.-7

--—
—---- .3m ---– –--– -----

6.3333
-——-

.8522 .= .0831 .o~ .0141
6.8333 —--

.m74
.3135 —- ----- --— —-—-

7.a3cQ .8525 .m.37 .@18 “.o~ .o144 .0076
7.03% ------ .337 —---- ------ ---—-

.8527 -–-– -––- –—-
----—

----- -----.
;:27 .8528 .3142 .&3
8.(XHXI

.0316 .0146
.W

.0Q78-—--- -—---
8.M%7

--.----
.8Yz3

-.-—- ---—-
—---- ----- --—-- ---- -—-

8.3333 —--- .Z46 -–-– -––- -—-- -–-–
8.8333 ----- -—--- .0848 -––- --–– -----
9.0556 ------ ----- —-—

.8ZZ ---- -1!
-—-— -—---

9.W --—-- ---— -—---
lo.mxn ----— -.-—- .Q9!52 ------ -.—- —-—-
10.1667 fin —--- -—--- -—-— —----
1o.3333 ——-

---—-
-—--- .0%3 ----

10.8333
-.-—- ——

—--— -—--- —---- .Om —--- --—--
11.0555 —— ------ -—--- .0326 -—-- --—--
11.yXxl —--.- .3U3 —-- –-— --—- -—---
12.owo ------ -—-- ---— .0327 ---—- ---—-
12.l&7 —-—- .354 -–-– ---— -–— -—---
12.3333 -——- ----— ----- .0327 ---— -——-
u.8333 —---- —--— —-— ---—- .o156 --—--
13.0536 ------ —--- -—-— ----- .Olx ------
13.5000 —— —---- .c@57 ---—-
14.mM

—-----.-———- --—---—----——-14.1667 .W7 —--——- ---—- .C857—----——— --—-14.3333--------—— -—----—-- .ol~ ——--14.8333------——- -------------—— .C085

,

...— ..— -. —....—. .—.— —-—. .—. ——-----——---..——.— —-- -——---—— —— --- --



32 NACATN3245

TmLEn.-SIDEHMHIRE!lDARW3MWMR~ VURTEX-Comt.inued

-F(x’,y’,z’)
x’

Y’-l I Y’=3 Y’=s I Y’ =-i’ Y’-9 Y’-~
z’=1.W

15.Q5% —– .-—-- ---— ----— --——
15.=

O.ccw--—-- -—-— ——- . 0.0330 ------
16.ccml

----
-—--- ------ -— ---— -—— .03.%

16.MX7 —--— ------ --—-- .0330 —---- ---—-
~.3333 ---— —--- ------ —-— ------ .00%
17.50xl ------ ----- -— -- --—-- 0.0159
18.I.667

-—---
------ _----- —--- ------ .0159 ------

I-9.m -––- -—--- --—-- —-- ----—
20.I.657 ——- --—- -— -- --.— ------ :%

z’=2.Omo

-n.888g -—-- —-- --—_ ----- --— o.ox16
-lL4wk -—--- ---—- --—-- -—- --—- .CmX5-lL3333——- —--— -——- ---— -—-- .@x6
-10.G67 —--— ------ --—- —-— --—-- .WQ7
-1.o.u.l.l —-— --—-- --—- --— ---—- .0C09

-9.f3@ ––– -—--- —— --.--- o.COlo -----
-9.6567 —— --—-- —-— —---- -----
-9.4444

.QQQ9
_-—-- —-- -—- ------ .COIJ. --—--

-9.3333 ----- -——- -—— --—— .Oou.
-8.7778 -––- —-–- —–- —-–

-----
---—- .Oo11

-8.6567 –--– ---- --—- ---—-
-8.3333

.03V .mll
------ —-— ---— --—-- .O(Z2

-8.IJU -—- --–– ---–- ---–-
------
.CO15

-7.- —--- --––
------

----- O.a)lg ----- .CO~
-7.6%7 — ——_ -—_- --— .an7 ------

-7.4444 —---- —---- -—--- -—-— .COI.4
-7.3333 -––- ------ -——- :% -——
-6.77?’8

.0015
------ ------ ----- ------ .CK&2

-6.6667
-----

-—--- ----- ---— .at28 .CX317
4.3333 ___ --–– ---—- ------ :Z -----

-6.IJU ----- ----- ----- .Cxx4 -----
-5.W

------
---—- -— -- O.ow+ —-—- .m

-5.6567 --—- --––
----—

---—- .oqlg ——- .aMl
-5.4.444 –--– ------ .- ----- .CK)y3
-5.3333 —--

-—---
----- .- —–- .a)y ------

-5.2222 ––– --–– -––- --–– -—--- .m23
----- —-—- ——-

2:E –-–- ----
----- ----—

;%4.3333 ---- ---- -:!!!?
.0037 .---—

.W
-4.UIL ---- ------

-----
.* —---- ------ ------

-3.8J399 —---- O.olyk —--— .@@ --–- .CKym
-3.(X67 ––– --—-- .01L7 -—--- .0047
-3.4444 –––

---—-
.ol=78 ——-- ------

-3.3333
-----

------ .Olgl —--- :% ------ .0033
-3.= –--– -~— -—--- ——- .@53 -----

-2.7778 -—--- _—--
-2.6&7

.ol~ ----- ------
------ .0297 .0182 -xii ----— -----

-2.3333 --—— ----—
-2.1.111 .0432 := ::= lx

-----
----- ------

-1.8889 0.ok55 —--- .02% –—- .mn —----

.

.

—. . — —-..——— —.. —.—



5L
NACA TN 3245

!cABIEH.-~~!IDAF#3XWURHOMBHOE VORTBX-Contlnwd

33

.

,.

-F(x’,y’, z’)
x’

Y’=1 Y’-3 Y’=5 Y’=7 Y’=9 Y’-u.
z!-2.aYxl

-1.1%67 -—--- O.m ------ 0.o137
-1.4444

----— ——--
O.qlo ------ 0.0Y34 ---—- ------ -——-

-1.3333 .0’793 —---- .0317 —---- o.@130
-1.2222

0.0047------ ------ ——--
-.m

.0154 --–- -—-------- .W —---- —---- --—-- -——-
-.6667 .1492 .1074 .0405 ---- ---— -—--
-.3333 ------ .U82 “ ---— .Olgl
-.lu.l

------
.23=

.0055
----— ---—- ---— ----- -----

.3333 .X@ ------ .?548 —---- --—-- --—--

.55% --.-— .1859 ----- ----— -—-— —--

.6667 ------ .1926 —----

.7778
.W5 .Om —-—-

—---- ------ .@lo –-–- -–-– –-—
.9630 ;= .ms .635 .0247 .OIJ.8 .@%5
1.ISU .21~ .0655
1.2222 .m3 .OH

.41J.6 ---— ---— ------ ---—- :E
1.2593 .4147 .2246 .(%73
1.3333 k?@ .2233 --—— -.:= -:= -:!?!:
1.4074 .4264 .2314 .- .65
1.4444 .4W .06s6 .- .oW8

.23P .@7 .ol% .@
1.5956 .4363 .2376 .W9 .W .W .-
1.6667 .W32 .24=

.4432
.q’22 .Om

1.037
Lb

.-.24* .0726
.4545

.0276 .Olp
.24% .0746 .-

:%
2.lxu .4634 .U3 .m72

:% .07’69 .c@l
2.3333 .4705

ml% .m~
.o~ .W .0139 .W3

2.5Y56 .4762 .X80 .@@ .0% .CU42
2.6667 .4785 .M18 .@@-----> .0310 —-—- -—-—
2.7778 ------ .272k —--- ----- ---- —--—
2.W .W .2744 .@335 .0316
3.3333 .W .X@

.o147
.*5 .0078

.033 .0152 .C#91
3.6667 ------ —-—- .0337
3.7778 .kgla

------ -——-
:%$ .- .0340 .Ol% .(YX34-—--- -—-- -—---

::%
---— —-—-

.WM :%?
4.3333

.035!)
.4946

.o162
.2898 :Z .0332 .o163 %%

4.6667 .4!@
4.7778

.2916
.4961

.@& .0358 .o167 .@—---- ----- ----- ----- ------
5.m .kw .s3

.4$%9 .035 .0364 .Olm
.2935

.CG91.
.C9Y3 .0365

;:% .4978
.Oln

.352
.0091

.o$tl .0373 .Olv .0094
.4983 —--- ------ —---- ----—

2:%
---—-

.4=985
6.6667

.*
.49!38 .0963 .Oyll .0183 .’m----- ------

7.om .49W
------ ------

:% .W .Om .O1.83
7.6667 .4993 .0978

.0399
.03gl .0187 .0101

8.3333 ------ ------ .0?83 --—--
8.6$67 .4995 .-

.O1.89 -—---
.0985 .0397

9.6%7 .4997
.m.so .o1o3------ -—--- —---- --—-- -——

lo.m .4997 .2393
.2X -:?

.0402
1o.3333 —--— .0403 2! -:?!!
11.3333 .W .0405

:%%
.Olsq .0108

12.3333 ------ :% ------ ----— ----—
w.&67 .m .m .0407 .Olgg
14.00W .W% .=.

.O11o
.W37 .0408 .m .Olsl

14.3333 ----— .27% -—--- ------ ----— ------

J-5.3333 .&
16.3333

.m .0409
.X@ -:~

.Oan .mxl------ ------ ----- --n

.— .- -.. _. —.. —.-.—= —— ----— .—.—.. ——. - .. ...—. — ——— ----- ——— .-



TABLEm.- SIOFWSHIIJB!COARECl?AHGOIAR~ VOKEX-@utinued

-F(x’,y’, z’)
x’

Y*=1 I Y’=3 Y’-5 Y’=7 Y’=9 Y’=lJ-
Z* - 2.5000

-6.y3@
-5.3333
-4.3eJ3g
-3.3333
-2.3C!J39

-2.L%7
-1.3333
-.%@
-.Ii%7
.6557

1.44A
1.61U.
L&67
1.8333
1.8E!89

2.lJ.11
2.-7
2.3333
2.5003
2.55%

2.G67
2.8333
3.1657
3.m
3.61u

3.8333
4.3333
4.6!s.57
5.OWO
s.6ul

5.6%7
5.8333
6.3333
6.6667
7.CQOO

g.twi

9.8333
lo.&%7
11.fsln
IL.@33
12.6E.57

u.61n
13.@m
14.6667
15.61U
15.8333

16.6@
17.8333
19.8333

—-.--
---—-
—----
——--
—----

—-—-
-----
----—
———
—-—

0.2560
—-—-
.2654
—---
.2-733

.2759

.*4

.2854

.X88

.-

—-—
.aJ+
=935
.3016
.3W5

-3Q39
.*
.x76
.30%
.X96

.X97
—--—
.3m
-m
.m
———
.3U3
.3114
—-—-
—--—

.W
-— --
—-—
—----
—-—

———
--—-
----
—-—-
-1—-

-——-
—---
—---

--——
------
-----
-——-
-— --

—-—
—---
---—
-— --
-—-—

O.-

2%——-
.=3-7

.W

.2213

.Z@

.m

.-

.2323

.2?04

.2m

..2446
—----

.2479

.-7------

.*32—----

.375

.-

.W1
------
.2602

.X@

.X@
---—
.2616
--—-

-——
-— --
---—-
.2?s26
_-_—

—-—
--—--
——-
--——
-— --

—— --
----
-----

---—-
-—---
-— --
-—-—
-----

--—
_-—--
o.04m
--—--
.C&g

.0733-— --

.o-(y3

-0785

:Ek
.0930
.0946
.Q&m
—-—
.0874
.Q@9
.Q!m-
-----

:%
—-—-
.0988
-----

.loq’
---—-
.I.ml
-—-—
.I.030

—---
JO*
—-—-
—-—-
.-
—-—
.K@t

-—-—.lc60—-—-——--——
--—----—---—--

----—
-—-—
---—-
-—-—
0.0129

-----
.Olm
-----
—-—-
------

.0504
----—
.033
.0320
.0323

.0332

.0354

.Om
a~7

—— --
.0359
.0569
.0379
--—--

.0389

.0401
---—
.0414
----

.@&
-.——
S-4%
-—-
.0441

------
.CJA7
-----
-----
----.

.0464
-—---
.0465

-——
------
---—
--—--
.0469

—----
--—-
-----

—---
-— --
0.0048
.0QS2
-—-

--—-
-----
---—
.osL7
---—-

.0148
------

.o152
------

.0155

.0164)

.OI.61

.0164

.0167

.o168

-—-—
.0172
.Oln
.o182
-----

.0187

.QJ-93
—---
.0233
------

.oa7
-—---
.OZu
--—--
.0ZL7

------
.0220
----—
-----
-—--

---—-
----
—— --

-- —--

.O@
-—--
.0237
--—--
--—--

---—-
.Q239
-— --

0. CK122
.m

—---
-----
--—--

.0Q50
------
------
----
------

.0092
-----
.0a4
------
.m&5

.Co98

.Co!x3

:%2
.WE

-----
AH?&

.W
-—---

.0101

.o1o5
------
.Olog
------

.OIJ.2
---&-
.on6
-----
.Ollg

------
.Oua.
------
-----
------

-----
----
-—.--
-----
---—

-—---
----
------
.Qw-—---

.0135
------
.0136

.

.

.

——. —_. . ..___
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.

-F(x’jyt,z’)
x’

Y’-l Y’=3 I Y’=s I Y’=7 I Y’=9 I Y’=~

Zf=3.COCo

-12.3333 ------ --—--
-IL6667

.---- --—-- -—--- 0.CW8
—.--- -—--- ---—- ------ ----—

-11.ylxl
-w-—--- ----— —---- ------ -—---

-H.3333 ----— -.---- ------ ------ ----—
-1.o.m

:%
----— —— -- -—--- --—- --—- .anl.

-10.3333 —--— ------ ---- ----- o.@313 ——--
&g7 ----— ------ ------ —---- .(KI15 —----

----- ------ -—--- -— --
-9:3333

.m –—-
-—--- --—— -—-- --—--

-g.mo
.m6 -——-

-——- ----- ..——— ---—- ----- .Cm5

-8.5003 ------ ------ ------ -— -- .Cnxm —-—-
-8.3333 -—--- —---- -—--- 0.0323 ----- -----
-7.6%7 ---—- --—-- ---—- .(XQ8 ——- -—--
-7.m -—--- ----— ------ .Q3m -—-- —--—
-7.OCCKI ------ ------ ------ —---- .Ofxg .-

-6.3cc0 ——- —---- -—--- .0041 ---- -—--
-6.3333 —---- ------ (3.(3)49 —--- -—--
-5.6667

.0026
—.- ----- -—-- ——

-5.W :% ----- -–-–
.my3

-—--- ----—
-~.om

.002
----— —---- ——- .0065 .0047 —--

-4.50W -—--- ----- .0102
-4.3333

-—--- ----- .oa37
----- 0.0120 ----— -----

-3.6667
.fm55 —-–

-—--- alp —--- -—--- .C0s5 --—--
-3.5@33 ----- .Oleg --—-- -—--- JX67 --—--
-3.Oxn ------ --—- .Om .Olm --—-- .CQ49

-2.m ------ .0329 ---—- ----- .00e4 -----
-2.3333 0.0233 ---—- ------ .0145 --—--
-1.6667

------
.0373 —-—- ------ .0174

-1.yxm
---—-

.0421. —--- -—-
---—-

.Olm. --—— ---—
-1.oOxl ---—- .0726 .0% ------ .0U4 .0%9

-.m .0795 --—-- -----
-:;;;;

------ —— --
------ ,----- .0487 -s!!! -—-- ----—
------ --—— .o~ —---- --—- -— --

.W ..-—-- ---—- .CEJ33 —---- .—-- —----
l.o(m .1463 .1489 ------ .Oyxi .0157 —---

1.4444 .I.61.4 .1633 .0726 .0328 .Ol!q
1.ym3

.0034
-—— --—-- J3733 ------ -—--- —--—

1.667 J&6 J697 .o~ .0339 alp
1.8889 .l~ .1755 .0777 .0348 .Olm
2.llu .1778 .MY7 saw

:%
.0357 .Om .O1o1

2.~7 .17e9 J819 .0e05 .0% .Olel .O1o1
2.3333 .M18 .1854 .Ca22 .0357 .0184 .o1o3
2.5000 .1845 m% .0637 .0373 J21& .0104
2.5556 .W3 .M% .0842 .0375 .o1o5
2.@33 .MfxJ .W42 .’dkx .05.!35 .0193 .Oloe

3.oCm .m --— .0979 .0392 -—--
3.11%7 .m3

---—-
.19!39 .W1 .0398 .U99 .O11o

3.m .1949 .= .W3 .0409 .0204
3.6667 .@

.W
------ ---—- -—-- —--- -— --

3.8333 .lgo .= .0933 .0418 .@w .o116

..— —.— ..— —— .. —.—— - .—. .–.—-—. —-—-— --
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.

-F(x’,y’, z’)xl
Y’=1 Y’-3 Y’=5 Y’=i’ Y’=9 Y’=~

Zt=3.omo

b.3333 OJ@2 0.2C96 O.e
4.WXI

O.@32 o.ozl.6 O.oli?o
.Mx3 ——-- —-— ---— ----- ------
.X)X2 an .@ .0447 .0224 .Om

?:E --—- —-— ---—- ----- -----
5.6657 := .a55 .lm3 .0459 .0232 .0129

6.3333 .2033 .2171 .1018 .02y3 .o133
7.CWO .X@ :Fn

.2041 -:% -:??
.w.k3 .@

7.m -—--- ----- -----
7.6667 .2042 .- .1037
8.3333

.0w5 .0247
.asn

JW9
—-—- ----- —--- ---— -----

.2046 —–- ----– --–– -—--- ------
;:% ---— .Z2Q3 ------ ----- ------ ------
10.3333 —---- —--- -—-— ------

.2049 —–- s?g --—- –-—
--—-
—----

z:% --—- -—--- —--— ------ -----

12.3333 --—- ----— ----- m ---- ----
U.CXXO -—--- .2al —--- ----- ---—
13.5W3

-----
—---- —-— --—— .0306 -—--- —----

14.3333 ------ -—— ----— —— -- .0266 ------
1>.CWO -—--- —-—- .1063 —-—- —--— ------

15.5m3 ---- --— -— --— .0267
16.3333

-----
—--- --—- —— ---- ----- .o135

17.Cfm -— -- —--- ---— .@@ --—
17.5QXI

------
--—- ---- -—— ------ ---— .o155

Igsxxm -—— ——- -—— -——- .0269 -----

21.Cmo —-- ---- —-- —— -- ------ .o157

~’=3.3333

-13.0741 —-—- —--- -—- --—-- —— -- 0.CCQ7
-12.6297 —-- --—— --— ------ —--— Jx09
-E!.4444 ----- —--- -— ---.--
-IL7’?78

---—-
—-—- -—--- —--- —---

-11.0741
---—- :Z

----- ---—- —--- --—-- O.(XU2 -----

-10.62% —-— ---— —- -—— .(XI13

-10.LA4 :::= :::: =:: ::=
-10.555

-----
------ .COu
.mv ------

-9.7778 ——— ----— -—— ----- .au6
-9.-

--.----
-—— ----- --— -—--- ---—- .COu

-g.qkl —---- --—- --—- O.ooal --—- ------
---— -.—— —--— -——-

2:%
-8.?444 =:: :Iz: ::=: {z -:- ------

----—
------

-7.7778 ---- --—— -—--- .WJm ----— --—-

-7.2222 —-—- —--- ----- ----- .-
-7.0741

-----
——- —— -- 0.0040 —— -- —---- -----

-6.7037 —--- --—-- —--- —-—- ----- .CQ26
—— —-— ..CK)47

2:%
—---- ----- -—---

—,-—- —-— ------ .CQ43 —–- -—--

-6.444.4 -— -- -----
-6.2393

.W ---- ----- -----
----- ——- --—- —-— ---—-

-6.2222
.0328

---—- —-—- -——- --—— —-— .m2g
-5.77-78 ---—- ——- .W4 ----- ----– ------
-5.55% -—- —-—- —— ----— --—- .0233

f

.

—
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-F(x’,y’,z’)
x’

Y’=1 Y’-3 Y’=s Y’=7 Y’=9 Y’-~

z’=3.3333

->.2222 ------ ----- --—- 0.Q064 ------ ----
-5.0741 ------ 0.0093 ---- ------
-4.7778

------ --—.-
------ ------ -— -- ------ --—- o*ooy3

-&C& ------ ------ -.---- ------ O.m% --—--
. ----— .o1o4 -—--- -.—- ------ --—-

-4.5s56 ---—- ------ 0.o1o4 —— --
-4.4444

----- ------
---—- .0114 ----- -----

-4.2593
-.—-- -----

—--- ---—- -----
-4.2222

------ ------
--—.- -— -- --—— ----- :% -----

-3.7m -— -- .o161 ------ —--.- ——— -----

-3.5556 —---- —— -- ----— --—--
-3.4444

.W ——
—---- —-—- --—-- ------ ------ .0349

-3.2222 —--- ------ .Olfl —---- —--- --—--
-3.0741 O.oug --—-- —- ------ -—--- --—-
-2.-(7W ---—. -— -- —-—- ------ .mf35 ------

-2.7037 ----- ---—- ------ .o137 ----— -—-
-2.6297 .ol~ —-- --—-- ----— --—-- ----
-2.5S$ ——- .Om —---- --—- -— --
-2.4444 .0194 -–-–

—----
----- —---- -—— —---

-2.2593 -——- ----— ----- .o159 -—- ——-

-2.2222 —--- —— -- ---- ml% ----- --—--
J.m .Oyx) --—-- —.-— -—--- -----

d.&14 ----- ------ ---- -:x! <G z?
-1.5.% ----— ----- --—--

-1.2222 ----— .0396 ----— -—---- -—--- -——

-.’/i@ ------ -——- ----—
+wi&

.0224 ---- -—---
----- -— -- .&xl ------ ----- ------
.Chm ------ ---—- -——-

-.2593
----- -——

—---- ----- .OMa ----- ---–- -----
-.2222 ----- ----- .0492 --—-- ----- —----

---—- -----
:% ---—

.m ----- ------ ------
---—- ----- .@93 —---- -—-

.1043 ----— ------ —---
/695

--—--
Jo% X283 .C647

------
.0313 .ol&s .C096

.1137 .13s .C&.s .0320 .0@3 .@

1.2222 ---- ------ .(%7!3 --–- -–—
1.2593

-—---
.ll.~ .1367 .@33 ~0328

1.2963
.u72 .WEJ

—---- .1377 —--
1.4074

----- -—— .—-—
.1210 .1407 .0701. .0335 .ol~

1.4444 .MJ-9
.Olm

.1416 .m5 .0337 .0176 .O1o1

1.5556 .1243 .1444 .0718 .0342
1.s7 .lA7

.ol@ .Olm
.1471 mm .0347

1.7037
.0181

.1274
.o1o3

ma!) .W .0349 .OI.32
1.7407

.0104
----— .1489 —-.-- -—— ——-

1.77W
-----

---—- .1497 --—- _--—- -—— ——-

1.W99 .15= .W .0357
2.IJU

.ola5
:Ef?

.Oll%
.1557 .07-76 .0s7 .0150

2.3333 .1379 JQ9
.Oloa

,o~ .0376
2.4444

.olg4
--—— ,1628 ----- ----— -—-— -:-

2.5555 .1400 .1646 .CMn-( .038s .Ol$ig .0113

2.W .1443 .l@ .09+4 .0398
3.2222

.0ZQ5 J3116
—---- .1737 ----- ------ ----- ------

3.2953 .1477 ------ -.-— ----- ------
3.3333

------
.lJ@) .1749 .W .0414

3.74W .1504
.oa3 .Ola

—---- ------ ------ ------ -----

.— —e— .—. .. —- .. —-—--
———— . ..—
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-F(x’,y’, z’)
x’

Y’=1 Y’=3 I Y’=5 I Y’*7 I Y’-9 I Y’=~

z’-3.3333

3.77T3 O.m O.lm 0.0903 0.0428 0.0220 0.0K?4
4.2222 .1526 .0%?6 .0440 .0128
4.4444 .1534 -:% ---– ---- -~~ --—
4.s555 —-— .1845 ------ -—--- —--- —--
4.6-%7 .W .1831 .09b5 .Owl .0233 .01s

5.IIU .1551 .m .O%l .0461 .m .o134
.m3 ––– -––- –--– —-- ------

ix% -u-n. -—--- -—— --—- --—-- ----

Z1=3.5Cm

-p& .— - ----— ---— --—- ---- 0.0034
——— --—- -—- ----- -—--- .0041

-3:6m —-- ----— ----- ---—
-2.6667

0.CQ72 --—--
----- --—— -——- --—- .C@9 ------

-1.&Jfi ------ -—-- --— ---- ------ .0367

-1.ml --— ----— ----- 0.o186 —— --
-:f.&;

-----
-——- —-— --— .022 —--- --—-
--—- ---— —-- ---—- .01s -----

m —---- -——- 0.0363 —-- -——- ----
1.3333 ----- --—— .0678 -—- ---- ------

1.4444 o.lCn57 o.1317 .C@l .0339 .Ol& .01m4
L6%7 JJJ13 .1367 .’373-5 .037) .0M3 .W
1.8asg .IJA6 .1414 .m .0% .Olgo .UfJ9
2.IXU .IJ&J .1457 .0370 .0194 .OuJ.
2.S7 .U.&3 .1467 :% .0372 .01s .01J2

2.333 .I.209 .14% .- .0379 .01s .0H4
2.3W ——- .lm —— ----- ---—- -—.--
2.5Cm .- .1523 .Om .0s .0202 .o116
2.55% .I.233 .152 .Mw .0XJ3 .0203 .0U6
2.8333 .la53 .1571 .C822 .03s9 .0m9 .W

3J667 .m J.&l .0W7 .0411 .0214 .ola
3.3333 —--- .M@J -—--- --—- ------ -------
;.~ .W .M46 .0859 .0422 .0220 .0M5

.ly2g .1674 .08w .0432 .0226 .0U8
4:l&s7 ---- --—-- .@m ----- -— -- ------

4.3333 .U49 S-pm .W.3 .W .W3 .0133
4.3899 .1351 ——- -—-— -—-- -—-- -----
5.CKOo .1367 .1743 .W39 .0462 .0242 ,0138
5.3333 J374 -–-– ----- ——- ——— ------
5.6667 J-m .l@6 .0959 .0475 .m .o142

6.IKJ57 ——— .lm —---- ----- ---— -— --
6-3333 .1387 .1783 .0974 .0485 . .0257 .o147
6.3899 .- --–- ------ -—— -—---
7.CcOo .1392 .lW .0935 .0494 .0262 -71%
7.3333 .V94 ---- ----- -—-- ---- -----

7.6657 .VJ96 .l&3 .WJ4 .Qx)l .0267 .0L54
8.1657 .E@ ---- ---—- -—--- ------ ------
8.3W9 —— -- .m.o ---– --–- —--- -----
9-3333 --—- .1816 —--- ---– -––- ------
10.1667 .1403 ---- -—— --—- ----- ------

10.5889 —--- —-- .3.0= ----- ----- -----
10.87%I --—— ------ .1o15 —--— ------ —----
n.3333 —-— ----- .1o17 —---- ------ ---—-
12.1667 —--- .I.824 ---- --—- ------ -----
12.M!J3 —--- -—— ----- .0524 ---- ------

—— . .
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-F(X1,Y’,Z’)
x’

Y’=1 7’=3 Y’=> Y’=7 Y*-9 I Y’-~

21=3.5030

U.87XI —---- ------ ----- 0.0325 —----
13.3333

-----
--—— --—-- —----- .0526 ----

SU667
—----

-—--- ------ o.loz2 —---- —-— --—--
14.3889 ---—- --—-- ------ --—-- 0.- -—--
15.3333 ------ ----- ----- ------ .02g3 ———

16.1667 ----- ---— ------
16.3ea9

.0% ------ —— --
------ -— -- ----— ------ -—- 0.cu72

17.3333 ----- ----- --—.- --——
ti.lfx7

----- .Olp
------ ------ ---—- --—-- .0292 ----

a).1667 —---- ------ --—-- ------ --—-- .Oln

2$-4.5030

4.8333 ------ —--— --—-- -----
-4.s7

—--— 0.0046
——— --.-— -—_- -----

-4.lxao
------ .my2

---— -—--- ----- —---- --—--
-3.CMYM

.0054
------ —--— --—- ---—- ------ .m54

-2.8333 -——- --—-- —--- ----- 0.0096 —----

-2.M7 ---— --—— ------ --—-- .O11o -——-
-2.ouxl ---—- ---— ------ ------ .0U3 --——
-1.W —--— -— -- ----- --—— ------ .CG91
-1.OCW ------ -—--- ------ ----—
-.8333

.U6 -—--
-—--- ------ -—--- 0.0226 ——- -—--

-J667 -—--- ----- ------ .O@ —--- --—--
.oxo ----- -— -- ------ .Oa% --—- -----
m -— -- -——- ------ --—-- .ol~
l.oa?a

.o1o7
------ ------ -—-- .0314 ------ ----—

1.1667 ------ -—--- 0.0555 ---—- -—-- —-—-

1.4444 o.o~ o.oe47 .W .0334 .o194
1.6667 J@+ .0878

.0U8
.0344 .olg9

1.8333 :%
.0121

------ ----— ------ --.--- -—---
1.W9 .0%2 .Wn .061a .0354 .0204 .CL24
2.mLM ----- —---- .C&7 ------ ----- --—--

2.IJJJ. .0579 .0935 JX535 .0563
2.1667 .0583 J&&l .0640

.Q .m
.0365 .Oa.o .o~

2.3333 .0595 .&p .0372 .@14
2..5JW) .0a5 .

a!

.oL2g
.@.54 ~0379 .0217

2.5556
.ol~

.@@ . .06# .oy31 .0218 .Oly?

2.8333 .@5 .1OIJ. .0687 .Ofil .0224
3.WCQ .0698

.o1.35
------ ---—- ------ —--— -—_-

3.lt%7 .1040 .0403
3.5003 :% .l(%5

.0250 .oly3
:% .0414

3.8333 .0%8
.0236 .o142

.Kf38 .0744 .0424 .0242 .o145

b.omo ----- J@7 —--- ---—- ---—
4.3333 .(%82

------
.lI15 .0765 .0438 .02y)

.O’m
.OJ.50--—-- -----

;:= .0696
----- ------

.1143 .q$n :%
5.1667 .0699

.02&l .Ol%
----- —---- ----- ----- -——

5.6667 .0706 .I164 .Calo .0469
5.8333

.02?s9
.0708

.0161
--.-- --—-- -—-- ----— --—--

.O-(lo ---.-- —-—-
2:%

----- --—-- -—---
.0713 .IJ&l

6.yxP3
.0825 .0479 .0276 .Om

------ --—-- .IM28 ---- -—--- -—---

.—.-. .-. ..—. _—. .——. .-..——— —— -.-
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-F(x’,y’,z’)
x’

Y’-l Y’-3 Y’=5 Y’=-l Y’-9 Y’mu

z’.4.5AXKI

7.OxQ O.m O.ugl 0.0837 0.0488 0.0282
7.1667

0.017’0
---—- ------ ----- ------ -----

7.6&7 :% .W .0846 .04% .0288 ,0174
7.8333 .0’722 —---- ----- ------ ------ ----—
8.axO .~ —- ----- —---- ----— -—---

8.WM .Oj’25 .- ––– ------ --—-- ---—-
g.cmo .0726 -—--- ----- ------ ------
9.1667

-—--
----— ---—- ------ --—--

9.8333
------

—---- :Z ------ ---— —--— ------
lo.m --— .Z21.6 ------ -—-- ------ --—.-

IJ3.m .WZJ -–– -—– --—-- ---—- -—---
K1.omo ---—- .U19 --—-- -— -- ------ ------
u.1667 —---- --—-- .0870 ---—- --—-
U.8333

------
—— -- -—-— .m —–- --–- ------

E!.OXQ —— -- ------ .0!373 ------ ---—- ---..-

12.7xm .Om .I.2Z2 ——- -—--- ----- ------
13.Oxn -——- -—--- .08’73 –--– -----
13J667

----..-
—-—- --—- --—— J3%3 –-–-

13.8333
----—

—---- ----— ------ .o%k ----- ------
14.CcOo --—-- ----- -—--- .wi2b ---- ------

14.5009 -—--- .I.225 .m —---- —-—- -—---
15.oCml ----- ——- ——- .om5 -—--- -----
15.I.667 --—- -—--- -—-_ ----— .0314 —----
15.8333 -— -- -—--- ----— ----- .0314 --—--
16.mCQ -——- ---—- -—-- ------ .Om ------

16.WCH) -—— ----- .0879 .0527 ------ —--.-
17.om ------ ------ ---—- —— -- .Oxs -----
17.1667 -—- -—-— ---— -—-—
17.8333

-—--- .0196
-—--- --—-- ——- ------ ------ .o~

18.m —---- -—--- -—-_ --_— ------ .Ol$q

18.3xQ . --—- ------ ——— .0529 .031.7 ------
lg.ofxn -— -- -—- ----— -—-— ----- .Olg
a).3oco -——- ---— -— -- ------ -— -- .olg9
22.yxm —-— --—- ----- -—--- ------ .olg8

z’=4.&s7

-14.2593 ——— -—-_ ---— ----- --— 0.CQY3
-u.5556 —---- ---—- —---- --— ------ .W
-12.2593 -— -- --—-- --—- —-—- o.m12 -----
-IL555.5 —--- ----— --—-- —— -- .CKOA ------
-JJA44h —--- -——- ---— ----- -— -- .m~

-lo.25g3 —---- ----— ---— O.oolg ------
-9.555

------
—--— --—-- -—_- .a)Z? —— --

-9.4444
------

--—-- —— -- -—--- ---— .0m2
-8.2m3

------
—---- -——- o.oo~ —-— -— -- --—--

-7.55% --—— --—-- .CH)39 --—- --—-- -----

&& —-- --— -— -- .CKlfi ---—- ------
------ o.@yil. —-— -—--- -—--- -----

-5:555.5 ------ .oti7 ----— ------ ------ ---—-
.!3.4444 —--- ----— .CKlm —---- --—- -----
-5.0741 ------ --—-- ---—- ------ ------ .00k5

-4.444J+ --—.- ----— ---—- -—---
-4.2593

----.-
O.oi)z

.W
------ --—— --—-- ------ -------

-3.55% .03-(2 ------ --—— ------ —— -- ------
-3.4444 ------ .m63 ——-- ---—- —----
-3.0741

----—
—--— ---—- -— -- ------ .CQ92 -----

.

.

.

—...—_ ——. .—.—_. —..
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-F(x’,Y’,z’)
x’

Y’=1 Y’=3 Y’-s yA.7 Y’-9 Y’-JJ.
Zt.4.6%7

-2.s556 ------ ------ --—— --—-- ---— O.mp
-2.4444 ------ --—— ---—- --—-- o.o1o5 --—--
-1.4444 0.0194 ----- ----- --——
-1.0741

------ —--—
------ ------ ------ 0.0=3 --—— ------

-.9556 —---- ------ ------ ------ .o148 —-—-

-.4444 ------ ---—- ---—- .0243 ------ -—-—
------ ----— o.0514

j%f
--—--

.0428
—---- ------

o.o~ .0517 .oy2g
.0442

.0M34 .au4
.@2 .Om .0X6

1:2593 .0435 .m3
.0m7 .0u6

.0544 .0322 .Olgl .o118

1.4074 .0469 .0783 .W% .Om m!%
1.4444 .0471

.OI.2U
.oT&?a .0559 .0331 .01$5

1.5555 .04$0 .CEc12
.Ola

.0$9 .0335 .Olm
1.6&57 .0489 .0a6

.0121
.0578 .034.0 .OXK1

1.7037 .0492 .08a
.Om

.qml .0342 .0331 .-

l.i?mg .Om .0843 .0396 .0350 .Om .o126
2.IJU .Om .Q%9 .0613 .0359 .Oao
2.3333

.0128
Jw3s .0893 .0S29 .o% .021s

2.55$ .@@
.013

.0915 .0645 .0376 .021g
2.W .0%5 .0945

.0133
.0%5 .o~ .0226 .0137

--—-- -—-— ------ ----- —-—
;:% .W5 :% .0692 .0404 .@
3.4444

.0142
—--.- --—— —-—

3.555’5
------ -—-

—---- 4%5 -:% ----- -—--- -—-—
3.7Ti@ .0&Y3 .mog .0715 .0418 .0242 .0147

4.2222 .C6u .1o33
4.64.67

.0735
.CE23

.0430 .02y .0151
.1053 .o~

4.9259
.0441 .0256

.0528 –-–- -–-– ------ ------ -::??

.O@l .10-/0 J3767 .0452
;:%

.oa53 .Olz
------ .K!ao —--- ------ ------ -----

5.!3556 .0637 —---- ------ ------ ----- —----
7.4444 .0653 --—-- --—-- ------ -—-- ---—-

ZI-~.lxeo

-lk.uu ----- ---—- ------ —---- ------ O.moe
-13.4444 ----- -—--- ---— ------ ---— .-
-13.1667 ------ -----
-K?.1667

----— ------ ------ .Oo1o
--—-- -— -- ------ --—-- ---—-

-12.lJJJ.
.Cnl$?

—---- ------ ---—- —--- 0.0013 -—---

-UJ444 -— -- ------ --—-- ---—- .0314 -----
-n.l&7 —--- -—--- ---—- ---—- .0015 ----—
-10.3333 ------ ------ —---- ------
-1o.1667

—---- .Cm7
----— ------ ----- ----— .0019

-lo.lJJJ.
—---

------ ------ .----- O.am ------ —— --

-9.4444 —---- ----— -—--- .m24
-9.1667 “ —---

—---- ----—
----- -—-— .COa -–-– ----–

-8.3333 --—— ------ ------ ------ .m29 .cx)~
-8.1667 ------ ------ -----
-8.IJXL

.0033 ------ --—--
------ ----— 0.@33 ------ --—- —----

. . .. —. -—- —— ———.—. .-.——— ———.... ——— -
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-F(x’,y ’,z’)
x’

Y’=1 I Y’-3 I Y’=3 I Y’=7 I Y’=9 Y’=~

Z*.~.mocl

-7.4444 —--- -—— O.C&l -—--- —---- --:---
-7.lf%7 —-— ------ .0045 ----—
-6.3m3

------ ------
.— - -—— -— -- O.m o.m46 ----—

-6.s7 —-— --—-- .C@2 –-–- ----– ------
J5.12n ----- O.m —-—- -—--- -——- -----

-N444 —-— ---—- --—--

3:F2 :-1: -:!!!? :-:1 ----- ------ 0.-

-—--- -----
--—-- ------ —----

-4.3333 —--— ---—- .CO14
-4.I.667

.W --—-- --—-
-— -- .o115 --—— —--- -—--- --—-

-4.IXU O.Cqm ~- --—— _—--- _-—- —--—
-3.W --—— -—— ------ --—— ——— .W*

X!iR := ::: ---- ---- ---- -:??
-—--- ----— —----

-3.1667 .(x)&) —— -–— —-– --–- ----—

-2.8333 ----— -—— ----- -— -----
-2.5556 —-- --—-- ---—- -— -- .0104 i%
-2.333 —---- .0237 .oa7 —--- --—-- ------
-2.lf%7 .0124 —-- --—- -—--- --—— --—-
-1.8889 --- —— --—— -— -- .0U8 ---—-

-1.8333 —- .---— —-—-
-1.6657

------ .Ollg --—-
—--— -——- -— -- -——- —---- .0@5

-.8333 —-— ----— —-— -——- .0142 -—---
-.555!5 ——— -—--- —-—- .0233 --—-- ------
-.3333 .CK49 .0462 -— -—_- -—-— .------

.IJJ1 ——— ------ —— -- .0%3 --––

.lm
------

-——- ---—- --—— .0%5 ---- —----
.3333 —-— —— -- —--— ------ .Olm .ol@
1.1667 --— ----— ——- .o~ --—--
1.4444

-----
.03eJ1 .0583 .WwJ .03Z? .Ol% .0123

1.6657 .Om .07’07 .0331 .Oal .0126
1.EWJ .0m2 .o~ :s .034.0 .02C.5

.-
.0128

2.IXU .0752 .05Ja
2.1667

.- .0210
.o~ .o~ .033 .Oal

:%
:%

2.3333 .0773 .m .0358 .0ZL5 .0134

2.5@M .m .0594 .O* .021.8 .Cn36
2.5555 :g7 .- -059’7 .0355 .0220 .Ol%i
2.8333 .081b .0514 .0376 .- .o139
3.1667 .0472 .0@J3 .0633 .0387 .0232 .o143“
3.4444 .0935 -— –-— ---- -..-——

3.m .0483 .09> .O@ .039!3 .- .o147
3.83m .0493 .m .@65 .0408 .0244
4.U

.Olfm
—---- ——— —.—- --—— ----—

4.1667 —-—-
4.3333

:% -~ ---& ---- ------
.WQ5 .- .0252 .o155

5.m .W7 -w .0437 .0262
.@33 -:~ -––-

.ol&.
s.lw —-— ---—- ------
5.4444 ---— --—— —-- ------
5.6567 :Z

------
.094’6 -0727 .ObJ .02-p .o167

6.IJn .0539 —— -- -—--- ---— —---- ---—-

.

.

—. . ..— — .
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.

-F(x’,y’, z’)xl
Y’=1 Y’=3 Y’->’ Y’=7 I Y’-9 Y’=~

z’.5.CXXKI

6.1667 O.m ------ ----—
6.3333

------ ------ -----
.0332 O.o?m 0.0741 0.0461 0.- O.olp

7.CX3m .0537 .WP. .0753 .0470 .0284 .cm76
7.1667 .0538 ----- ------ -——- -——- —-—
7.6667 .W40 .C9M .0762 .0478 .- .Om

8.mJ. ------ ------
8.3333

----— --— -— --
:% .0986 ------ ---—- ---—- ------

9.1667 .0345 -—-— --—-- -——- --—-- —----
Lo.1111. —---- .W% ------ ---—- ------ —----
10.3333 .0347 ------ ---—- -—--- ---—- --—--

u.1667 ------ .UWJ -—--- ------ ----- -----
12.1111 ------ ------ .0789 —----

.0549
------ ---—-

12.3333 ----- ---—- ------ ---—- ---—-
13.la7 ------ -—---- .W ------ ------ -——-
14.IJJI ----— ----— ----— .05s9 -—--- ------

14.3333 ---—- .lo@s ----- ------ ------ --—--
19.1667 ----— ------ ------
16.lJu

.Qm ----- —----
------ ------ ----- ------ .098 ------

16.3333 ------ ------ .0796 ——— ------ -----
17.M-67 -—--- ----— —---- ------ .Om ------

18.IJJJ. ------ —---- -—--- ------ -—--- .0204
18.3333 —— -- ------ ------ .051-2 ---—
19.16.57

---—-
------ —---- -—--- —---- ---—- .m

a).3333 ----- -——- ------ ---.-- .Om ..—---
22.3333 ------ -—_- ------ -—-- ------ .0206

%’.5.5WI

-4.0556 ------ ------ —---- --—-- ------ O.CQ*
-3.3333 ------ --—— -—--- --—-- ----— .0C&5
-=’.03% ------ ------ ----- —--- 0.0U5 —— --
-1.3333 ------ -—--- ----- ------ .0131 -—-—
-1.1667 ------ ------ ----- ----— ----- .-

-.0556 —--— --—-- -—--- 0.0244 -— -- -—-
.6667 ------ ------ -----
.8333

.0274 ------ —— --
------ ------ -— -- ------ .01&3 -–,–

1.4444 0.0289 0.0354 0.0461 .0?05 .Olgk
1.6667 .Oyxl am .0476

.-
.0314 .0199 .0128

1.8a9g .Om .0%’2 .049 .0323 .ox14 .Ola
1.* -—--- ------ ..0493 --- . ------ ------
2.lJJl .0319 .0610 .0593 .0331. .W .0134
2.1667 .0321 .&513 .Wo6 .0333 .0210 .o134
2.3333 .Oya .&z .05s5 .0339 .o~ .0136

2.5W0 .0354 .C637 .0326 .034s .oa7 .C@
2.55X .0336 .0641 W@ .0347 .oa8
2.6667

.U9
------ ------ .0535 ----— —---- ------

2.8333 .0345 .0659 .0343 .03% .0223
3.1667 .679

.0142
.0355 .W@ .0367 .O= .0146

3.W .0364 .@597 .0575 .0377

%

.0235 .Olp
3. 3 .0372 .071.3 .W39 .0395
3.

.0241 .Ola
-.---- .0718 ------

4.3333
------ —---- ------

.0382 .0733 .@.@3 .Om
4.6667

.0249 .Olfi
------ .0745 ------ ------ ------ ------

, .. . .

.

. ....——-—— .—. . . ———— .—. . . ..— — .. ..z -. .—.— ——— - -——
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TABLE11.- tTtOHMEDJELlDARM3MWMREOMEIKEVORD?X-C!antlnwd
-F(x’,y’,z’ )

x’
Y’-l Y*=3 Y’-5 I Y’=7 Y’=9 Y’=11

z’=5.5caJ

4.8333 —--- --—-- 0.0524 -—-- ----— -----
o:wl& 0.0755 J%@

;:%
o.041k o.C&jg o.o164

.0403 :?
.@a .0269 ..Olm

----— ---—- -——- -——-
2:% .0406 .W .C&O .0438 .@m .ol.~

6.&X7 .0408 --—- -— ---—-
6.8333

------ ------
----- .W93 –-— ---- ----- ----.-

7.IDX .0410 W& J&l :Cwi;‘ .0282 .0180
7.6657 .0413

.0414 —– -:2 —--– -:=
.Om

7.* ---—-

8.6667 .0417 -—-- -—--- —--- --—-- ------
8.&333 .0417 -––- -—--- -——- ------ -----
9.9444 —- .0819 –—- ------ --—-
10.64.57

------
-——- —--- ----— ---—

10.8333 .04a LE -—–
-.—---

----— ----— ------

U..944+* ------ —.—-- .m –--– -––- --—
12.&.57 —— -- --—- ------ -—---
X2.8333 .- :~ –-–-

------
—- --—-- —---

V.w —--- —-— ——- .048s -—--- --—--
14.6667 —--— --—— ----— .C14E!A ––– -----

14.8333 ------ -—— .0712 ——— ---—
15.94.4JI

--—--
-— ——— —— -—-

$.g$
.096 ——--

.—— -—- ---— ----— .m7 ------
——- -——- .04% ---- -—--

17:9444 ‘ -—— -—— --—- —-—- -—--- .-

18.6667 —- ——- --— -——
18.8333

--—--
-—— ——— ——- --—-- .0319 -L?

20.8333 ——- —— ——- ——— .0210

z’=6.cmo

-15.4W -——- —-—- —-—- -—— -——-
-14.6557

O.mq’
-— -- ------ --—— ----- ----—

-13.6657
.@wJ

—--— -— -- -——- -—-— -—- .0310
-13.4444 ——— _-—- ----— -—--- O.WLL -—-_
-12.6657 -—-- .--—— -—— —--— .CaL3 --—--

-12.3333 —— -- ---— —-— -—--- —---
-1.2.amo

.W
——— ----- --—

-IL6.557
--—- —--- .Cmk

--—- ——— -——- ------ .0315 ------
-IL4444 ----— —-—- _—-- 0.001.6 ---— A-----
-11).&57 --—- ——- --—— .Cmg -— -- ------

-lo.~~ ——— ---—-. --—_ --—- .ma -----
-lo.aal ----- —--— -——- ——— .CKm
-9.6.%7 —--— -——- —- .0024 -fE ------
-9.4444 —— -- —— -- 0+C023 —— --
-8.6%7

--—-- -----
—-— -—- .- —–- -— ------

-8.3333 -—— --—— -— .WM --—— -----
-8.oaxl —-—- -—-— —-—- .m37 .CX134 —----
-7.6%7 ----- ----— .Cq5g -— -- ——- -— --
-7.4444 —-— O.mx -——- -— -- --—-- ------
-7.WOO --— -—-— —-— --—- —-— .Cn335

-6.6667 ----- .mkl ––– ----- ------ -----
4.3333 ——— -—— JXg ---- ----- ——-
-6.CKU3 -—-— ----— —-—
-5.&.57 ------ .- —–- –-–- -—-- ~-~
-5.44# O.- ——- --— -—--- —---- ------

.

‘.

.

.

——.
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-F(x’,y’, z’)
x’

Y’-l I Y’-3 Y’-5 I Y’-7 I Y’=9 I Y’-~

z“=6.axKJ

-5.oaxl —---- —---- -——-
-4.lXX7

--—-- O.rxa
0.0034 -——

—---
----— -—-—

-4.3333
-——- ----—

-—--- 0.0093 —-—- :——— —--- —---
-4.mm --—-- .o1o4 .OIJ.6 --—- -—— -—-—
-3.8W -——- -—-- --—- -—-- -—_- Oxal.

-3.6667 .W –--– --–– --—- ---- –--–
-3.3333 ------ --—-- .—— -—--- -——
-3.Cixlo

.0%7
—---- —— —-— 0.0128 ——-

-2.3333 .0082 –--– ------ ---- —--- ::?
-2.OXKI .W .OZf@ ——. ---—- —--- -—_-

-l.@@ —— -- --—- ----— —---
-1.6667

.m8 ----
------ _— - -—--- ---— ——- .0087

-1.3333 ——. ------ ------ -—-— .Olp
-loam

--—--
----— ---—- .0260 –-–- .0137 —-—

-.3333 -— -- --—-- ------ .--—- -——- .0104

.m .o167 ------ —---- ,--—- -——

.Iml
.0m9

--—_ —— -— -- -e –-—
.3333

-—---
---— --—- --—— --—-

.6567
.Ou% —---

---— ——- —---
.%W

.o~ ——
.W .0419

--—--
.0379 -027’0 .01&3 .Ola

l.m —---- .0422 ----- .02-(1 —— ———
.02u. .O@O .0389

::% ,0216 .0441
.o183 .OI.22

..om :Z
1.4074 .0222

.OliM
.obl .0405

.o124

1.4444
.0285

.W .0454
.Olgo

.0407
.OBS

.0287 .Olg .0126

l.sfi .0461 .0414
1.6%7

.02gl
:Z .0469 .04m

.ol~ .0K?8
.m .ol~ .o12j

1.7037 .0232 .0471 .0422
1.8899 :O&3 .0483 .0432

.W ml% .ol~

2.0W3
.0303 .OaM .0132

--—- —-—- ——— ——- .0202 .ol~

2.IIU .0245 .0497 .Om
2.3333 .a32

.0z04
.030 :$

J3U5
.0318

2.55%
.o~

.Oa .0523 da
.o137

.0325
2.6667 -—— ---—- .@n -–– .-1!’2 _&
2.8M9 .CQ67 .0540 .0481. .0335 .- .0144

3.0w3 .- --—- .0485 —–- .—— -----
3.3333 .m .0%1 .m .0348
3.6667

.0149
------ --—-- --- .0357 :?

3.7778 .0286 .oy33
------

4am
.051-7 :0% .0235 .0154

---—- -—— -—— .0% .0239 —----

---— .o~ -—_ —--— —--—
::2

——-

4.3333
.- .0596 .0532 .0371.
.-

.0242 .O1*

4.6%7
.0%6

:%%’
.0374

.Oyo
.0@14

.@6
.oly3

.Oya
5.ooOo .0303 .C61g

.0249 .OI.62
.0555 .Om .W .ol&l

5.IJJJ. .03@ .&Z! .o~fi .o~
5.64567 .Oyo .0634

.mJ5 .Ol%

6.CKW
.o~

---—- ------
6.IXU

.0577 :% :% :::?
.0314 ----— —--—

6.3333
-—-— ---—- --—-

.0315 X646 .- .04SL .0%9 ‘.ol@

6.6f%7 .0317 ——-- ——— —— ———
7.QOCKI

-——
.0319 .05$ .0594 .0420

7.&.67 .Om .o&3
.Om

.@5J2
.O111

8.CWXI .@%
.@a—— X&$5 –-— -:! :O??

8.3333 .0324 —- -—- ——— --—- -— --

——— . ..—-- —= — ——.— ._—.. —— .—= . ... . . ———— ——
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-F(x’,y’,z’)
x’

Y’-l Y’=3 I Y’=5 Y’=7 Y-1=9 Y’=~

. ZI=6.OmJ

8.6&7 o.o~ O.tin 0.0612 0.0436 O.@&l O.om
9.CKXX3 ——- ---— -—-— .0439 --—-- .olg2
9.&67 .0328 -—— --—- --—— -—-- ------
lo.m .Om .(%78 .(%= .0445 .0=% .olg6
11.wm —— --—- .C&6 –-:-- .oyJo -----

IL3333 .0350 .CG33 .@@i’ .04y .Oyll .&m)
12.owo .0350 -——- —-—- -—-- ---—- —----
E*7 .0331 .0685 .Cnm .0455 .Om .&m
13.CDM --—— —---- .04$ ------
14.COCXl

------
.0332 :% .063-4 .0458 .0W9 .0m5

1>.m .0332 .0635 -–— -—--- -----
15.3333 .0332 .06$ .046a .030 .02CB
17.omo -—- :% ----— --—- -—--- ------
19.CXXMI .0333 -—-— ——- —--— ---—- -——-

Zt=7.CK?m

-15.f3899 —-— --—— -——- ----- ------
-14.8333

o.oX.!3
---—- —-- —-- —--- ----— .@

-1.3.w ---- --—- ——- O.mu ----
-X2.8333 ——— ——- --— -— -- .Cm3 -,&---
-sL.Wag -——- -— -- —— -- O.mls ---- ------

-u..&67 ——- —— —-— ------ ------ .W1.6
-ID.8333 —-—- --— —-- .Cmg ------ ------
-9.8%39 --—- .-—— O.lxm —-- ---- --—-
:.g3; —-— .-— —— -—-- --—-

—-- ——- .CQ28 ---– -:2 --—-

-7.W --—— 0.0326 ---- ---—- ------ -----
-7.6467 —-—- --—- -—— .Odo --—--
-6.8333

—----
—-— .C@ —— --—- ----—

-5.-
-------

O.ml.g —— —— ---— -—--- ---—-
-5.64.67. — -— . .CC65 --— -–-– -----

-4.8333 .- —--- -—- ------ ------ ------
-3.6567 —— -- ..@ -—-- --—-- ----- ------
-2.IJXL —- ——— ——
-1.6667

------ -—--- .0092
.m —– ——

-1.1667
----— --—— ------

—--— --—- -—--- ---- -——- JW3

-.IJ.11 ——- -——- ---—- --k-- .0m8
-8333 --;-- --–– —–- ----

------
.0U56 --—--

1.4444 .Om .0Z6 .o178 .0125
1.LW57 .Om .Om .0325 .0255 .o182 .0128
1.8889 .0M8 .Om .0334 .0261 .0186 .Oly)

2.ISU .0U3 .0339 .0342 .0267 .Olgo .o133
2.WS7 .o154 .0341 .0345 .0%9 .Olgl .U3
2.333 .o157 .0348 .0351 .m .olg4 .m5
2.50m .Om .035h .0357 .o137
2.5555 ala .03% .0359 :% :% .oly3

2.8333 .01J55 .0s .0369 .0286 .0203 .o141
3.1667 .Olp .0377 .03% .@% .0a19 .0145
3.X@ .0174 .0387 .o~ .0503 .0214 .0148
5.6567 —-- ---—- --—- ----- .0217 -----
3.8333 .ol~ .o~ .04Ca .0310 .0219 .Olx.

3J39W —--— -—-- ---— ------ ------
k.~33 .OI.84 .0410 :% .03Z .0226 .C@
4.8333 ----- --— :% -—--- ------ —--—
5.00W .- .042k .0333 .0 5

T
.o162

5.E&7 .01> .C!J@ .0441 .034.4 .023 .Ola

.

M

.— —.—— ___
—.—-
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TAME ti. - SDEHASH.WE’IOAKHZUWUR EmsEmoB’fcmzx-.c0nt.imled

-F(X’,Y’,Z’)
x’

Y’=1 I Y’=3 I Y’=5 Y’=7 I Y’-9 Y’-lJ-

.’-7.ma3

—--- O.oqg _-,- --——
2:%?

—--.- ----—
O.ol$g .0445 0.0452

6.8333
0.0353 o.o@ o.ol~

----- .OE1 -–-– ----- ---- ——
7.CmM .0203 .04s3 .0461 .0%1
7.6%7 .@ .04&) .0469

.W7
.O* .0262 :X!

7.W39 .0206 --–- ----- ----- -––- -----
8.8333 .02c8’ -—– ------ --—-- -—---
9.66!57 .0472

-----
—--— --—.- ----- ------ ——-
.0210 -—--- -—-— ——-

1::2
——— -----

.0Z12 ---— -——- -—-— -— -- —— --

11.6567 .Oa.2 ---—- ------ --—— --—- ---—-
---—- .0479 ---- ----- ---—- ..----

&J - ------ .0481. ------ ---- ----- --––
.0214 ——-- ------ --—— -——- -—---

13:w —--- ------ .04s9 —–- ---—- ----—

14.8333 ---—- --—— --_—
15.6%7

—-—
-—-— .0484 -:? ----- ---- :-:1

15.W89 —-— ---—- ——
u5.8333

.0402 --— -----
—---- -—— ------

17.6%7
--—- —— --

------ ------ .0503 :~– -— -—---

17.W39 —---- ---— ----— --——
‘18.8333

.0294 —---
—--— --—-- -—— .— --

19.6657
--——

-——- -—-— ——-- .0405 := ----
19.8899 ——- ——- ~ —---- .—— -—-- .0210
X1.8333 ----— -—— -—— ---—- ---— .OZU

21.t7567 --—— ------ -—— --— .0297 –—-
23.6667 A-—- ----.- —--- -—-— -—.- .0a2

~‘=7.3333

-16.@5 ------ —---- ---- -—--- .——- o.~
-15.7778 —— -- --—-- --—- ----- --—.. .CXm8
-1,4.6~ --—-- --—- —— -- —--- O.oao —-—
-13.7778 ------ ------ —-—- ------ .ml.l —----
-13.2222 -—--- -—-- —-— -—_- -—— .QxE

-12.6a -—--- ------ -—--- O*OIX3 ---- --—-
-11.77-78 ------ ------ .--—- .Cm6 -—---
-Il.-

------
------ ----— .-—— ----- .CQ18 -—–

-1o.6296 -—--- ----- o.m18 -—_- ——- -----
-9.7778 ——- ----- .0022 -— -- ------ ----—

-9.2222 ----- ------ --—— .0328 ---- -–-–
-8.6296 —--- o.COZl. —-—- ——- ----- ------
-7.7m —---- .002’7 ----- ------ -—— -—---
-7.2222 ------ —--- .* -–-– ----- -----
-6.6296 o.m14 -——- ------ —— -- -— -- —---

-5.7778 .CQlg -—--- ------ --—- -—— —----
-5.222? ——-
-3.2222

.@357 ---- -—-- ----—
JM41 ------ -—- ---– ----

_—_
-----

-2.7037 ---- —---- ----— —— -.—--
-2.-

‘:~5
------ --—— -—--- -—--- ----—

-.7778 ------ -—--- ----- ---— -—
-.7037 --—-- -.— ——— .-—- .0133 JXI
-.2222 -—-- —---- --—-- —-.
.%30

.o142 —---
.o113 .0257 .0222 .Ola .01M3

1.IMJ. .o115 .0%3 :3 .02% .o167 .0119

——.- -—. .—-—.. —--. —-. -...—. .. —..—.— - —.. . ——_. _— ——.—— .
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-F(x’,y’,z’)
x’

Y’-l I Y’=3 Y’=9 I Y’-i’ I Y’=9 Y’=~

z’=7.3333

1.2593 0.0U8 0.0%9 0.0283 0.- .0169 O.ola
1.2963 —— -- -—--- --—— .- -—-- ----—
1.4074 .OlaY .02&l .@ .Olp .0M3
1.4444 .OIZL :% .WsQ .0235 .ol~ .0123
1.5s% .0123 .Oa .02Y4 .- .ol~ .0?23

1.6657 .- .O@i .- .0241 .ol~ .0126
1.7037 .Om .0285 .Ojfoo .0242 .ol~ .O1.%
1.7778 --—— —— -- .0244 -..--- -----
1.8.%9 .0M3 .0293 .Oy% .0247 .Om .W
2.lJ.11 .- .Oyx .og4 .mJ3 .ol&i .WLD

2.3333 .o135 .Oyx .Ow .W .Oltlg .Om
2.5555 .Olfi .Oxs .Om .0X4 .01$Z2 .o135
2.8999. .o143 .0326 .Om ‘ .oZf2 .olg8 .0140
3.ZZZ2 ——— -—— —— .0!s0 —---- --—-
3.2753 ——- -—— w% –-–- ----— ----—

3.3333 .0149 .Om .0353 .@3 .02Q5 .O111
3.7778 .@ .0350 .0365 .- .0149
4.2222 .- .O%l , .0376 .Oyll :% .0153
4.6557 .o162 .03p .0386 .oyZJ .0224 .o157
5.IJU .Ouss .0378 .0395 .0317 .W .0161.

Y.2Z22 —— -—- .Om ------ ----- ------
5.2%3 —-—- .o~ --—— --—-. —---- ------
5.7778 ——— .Om ——- ---— --—— -—---
7.2222 —-—- -w -—-- ---— -—– ------
7.*3 .o177 — —— ---— ------ ----

7.Tm .O1-fg ——- —-— ------ ------ ------
9.2222 .01J32 —-— --—- -—— —---- -----

z’.7.50xl

-1.87XI. ——- -—— . ---—- —-— -— -- 0.0094
-1.3@Q3 -—— ---— ——- -—- ------ .W
-.3333 —— —— —-— —--- ------ .o1o2
.6UL ——- ——— -—— ---— o.o155 ------
1.4444 O.m 0.0261. O.m O.- .Olp .-

.
1.6667 .0U6 .Om .U55 .o174 .ol@
1.8Mg .Ola .@@ :Z .0240 .0U8 .0128

.m
::%

.@@ .Oxl .0246 .0182 .ol~
.0124 .@@ .0503 .0247 .m83 .Olp

2.3333 .O1.% .- .0X8 .- .o185 .0133

2.5oxl .0296 .0313 .C@ .0M8 .01%
2.55% :s .W .035 .*7 .ol& .0135
2.61m ——- --—— -—— .e --.--- ------
2.8333 .CO.33 .o~ .0323 .02s3 .olg4 .0138
3.)f?67 .U7 .op~ .0333 .m .ol~ .0142

3.X@J .0141 .o~ .0342 .0278 .0a4 .olk5
3.E467 —— -- --—- -—-— .0282 ------ -—---
3.8333 .Ow .0331. .0350 .02s5 .@ .OI.48
4.3333 .0149 .0342 .0s2 .02s4 .oa.6 .0153
4.6uI .——- -—- .Oyx! ---—- ----- ------

4.8333 —— -- ---—- -—— -——- .0222 —----
5.m .o154 .0395 .0376 .0306 .0224 .o~
5.6657 .0365 .Oyxl .0s .0232 .0164
6.3333 :% .037k .0398 .0325 .Om JM69
6.61u ——— .0377 ——— --—-- ----- G-----

.

i

.

.

.

—.— . .—.



7L
49

m II. - HIOWASHIXJH!10AKWWGOUHHORSHiOHVOR!BX-CmM.nud

-F(X’,Y1,Z’)
x’

Y’=1 Y’=3 I Y’-5 Y’=1’ Y’=9 Y’-~

z’=7.m

6.8333 ---—- ---— ------ 0.0331. -—-— --—--
7.0000 0.0165 O.oml 0.0406 .0333 0.0245 0.0174
7.6467 .o167 .Om .ok~ .0339
8.61U

.Wm .ol@
.0169 ------ ------ ------ ---—

8.8333
---—-

------ ---—- .0423 ------ —--— -—---

9.6667 .O1’p. ----— ----- ------ ------
10.61U

--—--
.ol~ ------ ------ ----— ----—

10.8333
--—

---—- .0402 ––– ------ ------ --—--
U..6667 .0174 ----— ---—- —---- ----— —-—-
1.2.61u ---—- .ow ----- ----- ------ -—-—

12.8333 .ol~ -—--- ------ —-—- -—-- --—--
13.6567 —---- .0408 ----- -—--- -——- -----
14.m -——- ----— .0443 ---—- —-— ———
14.8333 .u76 —---- -—--- ------ --—-- --—--
15.6567 ----- ——- .0444 ----- -—— ----—

16.6ul ----- ---— ------ .0373 —---- --—--
16.8333 ------ .0411 –--– --—-. —— -- —— --
17.6567 -—--- -—— ------ .0374
18.6W

—---- ------
------ ------ --—— ------ .0@3 ------

18.8333 ------ ---.— .0447 —---- ------ -----

19.6667 ----— ------ -—--- ------ .0283 ---—-
20.6u —---- ------ ------ ------ -—-— .Oaq’
a3.m33 —-—- ------ ------ .0376 ----- --—--
21.6667 —---- —-.-- ------ ------ ------
a .8333 ---—- ---—- ------ --—— .0285 lE

24.8333 --—-- ----— ---—- -—--- -— -- .W

%1=g.mxl

-17.&67 ------ —---- --—-- ---—- -—--- 0.CH)07
-1.6.30W ------ ------ --—- ------ -——- .Cm8
-19.6667 ------ ----- ------ ------
-14.~

0.U!C9 -J_--
------ —-—- --—— ----- .CmJ. -—-—

-13.6667 ---,--- ------ ------ O.oou. ---—. —----

-13.m ----- ------ ------ ---—- ----- .031.4
-12.y200 ------ ----— -— -- .0CU4 —----
a. 6667

------
----- --—-- 0.0014 --—- ----- --—--

-11.oml --—-- ----- ----— -—--- .Wxal —-—-
-lo.fJCa ----— ------ .mla ----— --—-- -—---

-9.6667 -—--- 0.0915 ——- -— -- —— -- -—-—
-9.Ccm —---- ------ -—--- .C0a3 -––-
-8.5oixl

-----
--—-- .COm —---- ------ ----- —----

-7.6667 o.CK@ -——- ----- ------ -— -- --—--
-7.Oom —-- ------ .m39 ------ -— -- -—---

-6.5cci) .CKl12 —---- ------ ------ —--- ----—
-S.oao ——— .0046 ----- -—– _----- ---—
-3.0300 .- --—-- -—--- —-—- -—-- --—-
-.3333 ------ ---—- ---—- ----— -—-— .0%4
.W ------ ------ —— -- -—— —---- .OI.02

1.W4 .Ca5 .Olm .0191 .0176 .CO.44
1.6.567 .& .Otis .0196 .Om. .0147 :%
1.8899 .0c%8 .o16g .02Q1 .olE5 .0151 .CWL6
2.llm .W .Olfi .Oa% .-
2.1667

.0154 .OIJ-9
.m .0174 .oa37 .Olgo .0134 .01J9

. ----- . ..— _—— . ..— — ——. — —. ——...—.— -——.—. .
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-F(x’,y’,z’)
x’

Y’-l Y’=3 I Y*=5 I Y’ =-l Y’=9 Y’=u

z’=9.WUO

2.3333 o.m~ o.ol~ O.oao o.olg3 0.0157 O.OEI
.OiYjyl .Olfo .Oak .olg6 .Olm ..0=

;:% Jw3 mm. .OZwJ .0M7 .OMO .-
2.5333 .0075 .OIM .oZm .0201 .o163 .01%
3.C0Y3 —--— ---—- ----- -— -- ------ .W

3.U%7 Jw7 .Olgl .- .W .o167 .Om
3.m .W9 .olg6 .033 .0212 .m72 .oly2
3.&7 ——- -——- ——— .oa5 ——- ------
3.8333 .Cwl .Oml .025J3‘ .WL7 .0176 .o135
4.3333 X094 .0m3 .0246 .0224 .Olm .oly3

4.5am —--- ---— --—-
.0387

—---- ------
.ti .02!% :s .0M8 .0144

;:27 .0223 .0a54 .0241 .019 .0149
6.z33 :% .Om .0272 .024a

.C@74 -—– ---
.o153

6.5000 ---— -—--- --—--

7.Oxlo .- .0234 .0278 .0255 .02@ .Cw8
7.6667 .@ .0238 .02!?4 .0260 .OaJ. .Olti
8.50xI --—- .0243 —— -- ---— ------ --—-

——— ---—- .C@3 –--– -–-– ------
;:E .WEJ ––– -—-- _---— ---- -—---

10.W .OIJM —- —-—- —— ---—- --—--
I.1.m --—- .Om. —- —--— -—— -—---
KL.6&57 .O1o1 —— -- -——- -— -- —— -- —----
l$!.yxn .0102 ——— --—- --—- -—— -——
U.Cmm .OI.02 --—— -—-— ——— —— :----

13.6%7 —-—- .0z36 -—-- -—– –--– ------
14.Y300 --—— .oa7 ——— ------ -—_- -—---

.m3 —-— —— --—— —---- —--—
Z:E7 —-— ——- .Om —--- -—---
16.yxu)

------
——- --—— .Om —-— -—--- -----

17.Oml ——- .0259 -––- -–-– -––- ----
17.6%7 ---—- —--— .m --–– ------
18.m -— —-— —— -- Jw2 —--- ----
1.9.WCM3 ——- -— -- .ozk ---—- —---- ------
19.t%67 --- ----- —-—- --—- .0242 —----

m.ylxl -— -- --—-- —--— ~— -- .0243 ------
21.aKm -—— ------ ----— .0294 ---- ------
21.a67 --—- ..—-- -——- --—-- ------ .0191
22.5WM —-— ----— ---— --—- --—— .Olgl
S.amo —-— ——- -—-- -— -- .0244 —---

3J3XX3 -—-— -— -- ---—- —---- ------ .olg2

z’.lo.m

-17.2Z222 ——— ——- -—-— -—- -— -- O.mq’
-15.8983 —- —-- -— -- ----— -----
-3-5.3333

.0009
——— ——- .---— -—— ----- .Cmo

-G.22Z? —--— ---— -——- --—— O.oo1o -----
-mm ---—- -— -- -——- -—— .Cm2 —-—

-13.3333 –-–- --—- —— ---—- .m~ .@w
-U.2222 ——— —--— —— o.m.2 —-—- —----
-IL8983 —-— —--- -——- .m16 –-–- ------
-IL3333 -— -- —-—- -—— .m17 .0018 —----
-IL.22Z2 —— -- --—-- O.CQU ------ ---—- —----

— —— ——. —.—.
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-F(x’,y’,z’)
x’

Y’=1 Y’-3 Y’-5 Y’=-i’ Y’=9 Y’”~

z’=lo.o@Xl

-9.W -—--- —---- O.mlg ------ —---- ——-
-9.6&57 ------ —---- -—--- ------ ---—
-9.3333

o.axk
------ -—--- .0022 0.- —-—- —— --

-9.2222 —--- 0.0315 -—--- ----— ------ —-—-
-7.W -— -- .Cwl. ------ —— -- ---—- -——

-7.6667 ------ ------ ------ --—--
-7.3333

O.fxyfl —----
----— .0023 .a)33 —--— ------ ---—-

-7.2222 O.ox)g -——- ------ ------ --—- ---—-
-5.- .CD12 ------ ------ --—-- ---—- —-—-
-5.6667 ------ ---—- —---- .- –--– .0044

-5.3333 .oo14 .m35 —---- ---—- —— -- ———
-3.6667 ------ --—-- .0070. -–-– .a%7 –--–
-3.3333 .0021 ------ ------ --—— ------ ----—
-1.6667 ---—- .C@ —-—- .0100 ---—-
.3333 .0340 --––

—----
.ol~ -—--- ---—- -—-—

l.m ------ ------ ------ ----— ----— .0107
2.3333 ------ .Oln --—-- ------ ------ —— --
2.W .0054 .Om .ol~ .Ola .0144 .0116

------ ------ —---- ------ -—---
;:= .00%

.Olm
.o143 .ol.&l .0174 .CU49 .W

3.7m3 .W .0148 .ole6 .Olm .ol~
3.- ------ -——- ----—
4.2Z?2

------
.00&3

.01$ -:=
.ol~ .Olgl

4.3333 .0@3
.ol&J .C@3 .O1.26

.0154 .olg2 .0ML!5
4.65s7

.ol~
.m%l .o157

.W
.Ol!x .m .0162 .Oly

5.0000 .0362 .01EJ3 .Omo
.0363

.0194 .o165
5.IJU

.cm32
.0161. .02Q1 .01s .0165

~.~
.o133

----— ------ —---- ---—- .OI.67 –––
5.3333 ------ ------ —---- ------ .Ola $3&
5.6&57 .Cm#l .0U55 .oa7 .0200 .ol~

---—- ------ -—-—
2:%

.oa32 ---— --—-
.Co66 .Olp .Om .0a5
.Cn%9

.0176 .Olhl
7.CCQ3 .0174 .Om .02J2 .Olm
7.2222

.OI.44
----— —---- ------ .oa3 ——- -—---

7.3333 ---—- —---- ------ .oa4 —— --

7.6657 .0069 .ol~
7.W ------ --—-- :% :% -:E’ -:?!
8.6667 .COp .OI.82 .0229 .0222 .Olgo .ol~
9.2ZZ22 -—--- -—--- .@ ---—- -—-— ——
9.3333 ------ ----— .0232 .0Z26 -–-– -----

9.6667 ---—- ----— ---—- --—-- .Ol$ys --—-
9.W ---—- .o185 —— -- .-—-- —— --
lo.moo

---—-
.0072 .OI.86 .0235 .- .olgf5 .O1*

SL.2222 ------ .Omg ------ ------ -— -- -—---
u.3333 .0074 .- .0239 .0234 .OmL .0162.
11.6467 ------ -—--- --—- .0235 ------ .o163
U,.M89 .m74 ------ ------ —— -- ------ --—--
12.&667 .CX374 .W .0243 .0238 .W5 .o165

.al~ ------ ------ ------ —--— ------
::% .Imn .0193 -—--- --—-- -—-— -——-

—._ . ————— .—— —__________ .- .—— —. —--— —— ..—__ ._. _ _ _. ___
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-F(x’,y’, z’)
x’

Y’=1 Y’=3 Y’=5 Y’=7 Y’=9 Y’=~

z’=lo.moo

13.6567 -—. —-—- 0.0245 —-— 0.0207 ----
14.CKCQ o.~ 0.olg3 .02k5 0.0241 .0208 O.ola
15.3333 .@m .Om .02k7 .0243 .0210 .o171
15.6667 ---—- .olgfJ ——- .0243 ——
17.6657 .m ——

---—-
.0249 ------ ——— ----

19.6657 ——- .W -–-– ––– –—-
2L6W7 .0076

--.--
—---- --—- _---— --—- -----

z’.I.o.m

1.3&3g —-—- --—-- -——- ——— —---- 0.CK198
1.4444 0.CK140 o.om4 0.0135 0.0135 O.ollg
L6567 .0341 .OI.07 .m

.W9
.o138 .OI.Z2 .O1o1.

1.899g .ol@ .0141 .0141
:%

.o124 .OI.02
2.1JJ.1 .OU.2 .0144 .01.44 .0126 .0104

2.W7 .0243 .o~ .o145 .o144 .W .CL*
2.3333 .0114 .0147 .o147

:%
.Q am

2.51xm .0uJ5 .o149 .@@ .ol~ .0107
2.s556 .C04s .o117 .Oxjo .o149 .ol~ .0108
2.8333 .0046 .0u20 .o153 .o153 .OI.34 .Oslo

3.1667 .0347 .o~ .Om .o157 .QU7 .o113
3.3W ——- -—— —-—- --—- .Olm -----
3.m .Wg .0EJ5 .o162 .o162 .0140 .on5
3J3333 .ol.2g .o165 .OI.64
4-3333

.0M4 .0118
:% .o133 .o171 .Olp .o148 .0121

5.Ceoo .0054 .ol.y3 .0178 .o176 .WA .0E6
5.US57 ——— -—- —— -—— ---—-
5.m9

.W
——- ---— —— .Om ------ —---

5.6657 JW55 .o143 .O1.w .0182
6.3333

.o~ .oly3
.W57 .0148 .OMg .o188 .0164 .0134

7.omo .@ mm- .olg4 .03-93 .o168 .@
7.lf%7 --—- —-— —— —— .o16g ---—-
7.5J399 —— —--- .Ol% ---— ----- —----
7.6/%7 Jw9 .0u4 .Olge Jw7 .0172
8.3333

.o141
——— .0202 —- -—-— -----

9.1657 —— -- ——- --—- ———
9.3889 ——— .0161 –--– -:? ------ ::=
1o.3333 ---- .IX63 ——— ------ ---—- ----.-
SL.la? —--- —— .oa3 —-—- ------
11.%!ag .ti3 –-— -––-

-— --
------ -—--- -----

X2.3333 .m64 ––– -—– -––- --–– --—-
13.167 -— ——— —— ---—-
13.3w -m := ––– -––- -–—

----

14.3333 .CK@ —–- –--–
------

--—-- ------ .—---
15.I.667 .00S5 —— -- —— -- ----— —-- -----

15.3w —--— .o171 -—-- --—-- _-—-
1.6.3333

—--—
_-—- .Oln —-- ——--

17.1657
-—---

.Cca —–- —-
.—---

—-—- —---- --—-
17.38890 -——- --—— .- --— -––-
18.3333

..----
-—— -—--- .0224 -—- -—— -— --

19.1657 ——- .Olfi -—— -—-— —— -— --
19.3wl --—-- -——- —- .0226 —-— ------
20.3333 —--— ---- —— -- -—— ------
a.1667 --—- --—- .W :? ---–
21.3f3@l

------
——— ——— -——- --— .oZ03 ----—.

.

r

.

.

.

.
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-F(x’,y’, z’)
x’

Y’=1 Y’-3 Y’-5 Y’=7 Y’=9 I Y’=u

z)=ID.m

23?.3333 -—--- ---- --— ——— 0.0203 --—--
23.1667 --— -—--- —-- 0.0228 -—— -——
23.3M9 —--- ---—- ---— --—--
24.3333

—- 0.0170
——— ——- —— .-—— ---—

25.1667
.O1’p

-—-— -——- —--- ——- .0204 --—-

27.lt%7 -—— —-— ------ —.- -—- .O1’p.

z’.11..omo

-19.4Jt44 ---—- -——- ----- —-— -—— “o.moS
-MU667 —— ——— --—- --— ---— .W
-17.4444 —— --—- -—— --— o.~ --—
-16.1667 —--- -—— .--— ——- .amla ----
-13.4444 --—— —--- ——- 0.0039 ——- —-

-14.3333 -— -—— ——- ——- .Oco.2
-14.1657 -—- --- --— .Cm.o —-- --—
-13.4444 —— -—-— o.- ---- ——— —-—-
-12.3333 —- ---- —-—
-12.1657

—- .m15 --——
—- —--- .0012 -——- —-—- ---—

-11.4444 -—— O.omg —-- ——— --— ----
-1o.3333 ——— --— -—- .CE3a —-— ----
-1o.1657 --—-- .0012 -—- -——- ——— —-
-9.4444 0.- -.—— -—
-8.3333

—-— -—
—--— --—- .= —- ——- --—

-8S657 .Cm6’ -––- ----– –—- –—- –-–
-6.3333 —-— —--- —-—
-4.3333

—-— --—-
.0014 -:? -—--- —— ——-- .-——

1.4444 :0035 .WZ .O1.a .wk .0U2 .W
1.6667 Jx@ .W34 .@ .Olas auk .m%

1X889 .0036 .Qw6 .0E6 .- .OU.6
2.1111 .mm .0098 .01a9 .QZ .0U8
2.M67 .W57 .WJa .ol&g

.00s9
.m32 .Ollg

2.3%3 .03%
.OICK1

.Olm .Ola .O@ .Ola
2.5fXa -w

.O1.o1
.O1o1 .0133 .@ .0122 .o1o2

2.5355 .00> .0102 .@ .0E2
2.8333 .0040 .0104

.0103
:% .W9 .o@5

3.I.667 .CK!JJ1 .W
-w

.o143 .Ola
3.4444

-w——- --— —— .Om —--
3.X@ .0042 .Ou.o .COM .o146 .Om .Ouo

3.83~ .0043 .W .o147
4.la7

.W .- .0112
—- —-- —-— -—

4.3333 .0C44 .OuJS .Olz
JW7 —

.Cm46
.015 .ol* .o115

.5.ooxl .Oul .0158 .O1.61 .o143
5.4444 ——- —— ——— .0164 —-- .-:Y

5.6-%7 .a!JM
6.IJ5J57

.W -.o163 .Ol& .O.L48 ..01.24
—— —-- --— .Olp —— ——

6.3333 .m49 .oEg .0168 .Olj’l .m .o~
.Qm ..O* .ol~ .m@ ‘

KM’
.OJ.57

---- ----- .ol~ —— -—- 2!

7.6667
8.1667

.ol~ .OIEkl .0161 .@—-— -— .ol~ —

;:???? i: -:;” —-

—— —— --
-—--- .01B3 --— —–

——- ——
1o.1657 —-- .0143 —— —-— -.—- ——

—.———-—-— --— -—— -— --——— --——- —--- —.-—-. — - ——. —



54 NACATN3245

TABLE?I.- SImMASEISJETOA~HOFHE3EOE VORTEX-Continued

-F(x’,y’,z’)
x’

Y’-l Y’=3 Y*=5 I Y’=7 Y’=9 Y’=~

z’=U..WKUI

10.3333 ——— ——— o.o188 —--- -—--- -----
IL4444 o.~ —— ------ ----— ------
12.1667 .C@ --—- -—— ——-

------
------ ----

1.2.3333 -——- 0.0147 —— --—--
13.4444 .@ -––- —– --—-

--—-- ------
-—--- ------

14.1667 —--— —-— ---—- —--—
14.3333 :% –––

------
--—-- --—-- —— -- -----

15.4444 —--- .C&50 ----- ----- —— --
U&g

------
——— .Oul -—-— --—— --—— -----
.0057 –—- —---- --—- ------ —— --

17.4444 -—_- ——— .OaN -—-— -—---
18.1667

-----
——— --—- .OaJ1 ---—- -——- --——

18.3333 --—-- .O* -—-_ ----— ------ ------
lg.4444 —-— -—— -—-— 0.0X$3 —----
aM%7 —-— —-

------
-—--- .0209 ----- —---

=.3333 —- ---— .0232 —— -- ----- -——
a.4444 ——. ----— ——— —-—- O.olgo -----
22.1657 —--- --—— —-— ----— .01$0 ------
22.3333 —— -— —— -- -W@’ –--–
23.4444

---.--
—.- --—— ——— —-—- ---—- 0.0162

24.1667 —-—- -—— —--- ----— ------ .0M2
2k.3m3 ——— -— -- --—-- —---- .0191
26.3333

---—-
——— --—— -— ---—- ------ .m63

z’.13.5axl

1.4444 0.CKU8 O.m o.Cq2 0.0C80 O.aqg o.~
1.&57 .CQlg .- .oo~

:%
.m74

1.889g .Oolg .Imm .m~ :%
.O@

.mn
.COa .m .@5 .od33 .m76

::% .ma .W54 .c076 .W awl .CQ76

2.3333. .0020 .00ss‘ .0077 .C@6 .(095 .Ixln
.CXxK1 .W5 “ .m

::% .Cma -G :%
.0378

.m :% .W
2.8333 .Ooa .W3 .mw
3X57 .m21. :% :% .m .W :%

3.m .CKiZ2 .Cu@ .COw .0094 .W .m93
3.8333 .Qw2 .CX%l .CG9S .WZX .C@ .W85
4.1667 ---— ——- -—-— ---—- ——.-
4.3333

.W87
.0(63 .W9 .m9 .- .W37

5.CMxO :s4 .0265 .- .o1o2 .O1oo .Cmgl

5.6657 .ma .CJYm .W?J5 .0m5
6.1657

.0K13 .m
-——- —-—- --—- —---- .o1o6 ------

6.3333 -m .a m.@ .o1o6 .C@6
7.CKP30 .0026 :s .O1.o1 .OU.2 .Olog .C@9
7.W —-—- ——- —-—- ——-. ------ .0101

7.&67 .002-7 .@m .0103. .mu5 .01J2 .O1o1
8.M7 ——- -.-—-- -—--- .0U7 ------ ------
9.WCQ -— -- --—-- -— .Ollg -—--- -----

-—--- -—— --— --—-- .01L8 ------
i:F7 -——- -—— .Olml -—-— ------ ------

I.1.m ---—- -— -- .01J2 —---- -—--- ------
11.yma -—--- -— -- ------ .0126 --—— -----
12.l&7 —-— —--- ----— ----— -----
13.OIYX -——- :s ------ ---—.. ------ ----—
13.m ------ -—--- .0U6 ------ ---—- ------

.

.

.

—..—.. —.. —. ..—.-— —-. —._— ___ ______



TABLErc.-2101MMEIUE!COA~ mFUmSHoEVomm -Gmtinuea

55

.

-F(X’,Y1,Z’) .
x’

Y’=~ I Y’-3 Y’=s Y’=7 Y’=9 Y’-~

z’=13.W

14.1667 O.mm .—— —---- —..— -——- —— --
15.0200 my) ——- —--— _—_- -——- _—-—
1~.m ----— o.CKltw -—- -—--
16.S7

--—- —----
.Q51 -—--- —-— -—--- —-—- -— --

17.OWJ .CKyll. ------ --—- ------ ---- ------

17.5QXI .(XJZ --—— —-- -——- --—- ---—-
18.1667 —-— JXJ& –-— —–- -— —— --
lg.oml ---- —— —— -- —-—.. —---
19.5mo .Wn —-— ----— ---— —— -- ——-
20.1667 -— -- ------ 0.o122 —---- . --—— -—---

am —---- -—-- .OI.Z2 ---— . ——-
22.5CX30

--—.-
---—- .CU@S ----– —-– ---–- -—–

22.I.667 —---- —--- -—---
23.fxw

o.o138 ——- ------
—--— ----- ------

23.5oa
.Wb!3 —--- --—--

—---- -—--- .o~ ——— -— -- —---

2k.1667 ——— ---— ---—- —— --
25.OxKJ

0.0137 -L--
----— ---—- ---—- . -—-—

25.W
.0137 ——-

-—— —— -- -——-
Zfi.1657

.olj5g -——- ——-
---— -.—— ——— --—-- -—---

fl.m30
0.01Z6

-— -- ----— —---- -——- --—- .0127

v.m ----- -—— -— -- -—--
am

.C@ ———
—--- ——— -—--- ——— ------ .W

Z*.lb.mxl

-XJ.ma —-—- ---— ---—- ———
-M3.7778

---— O.lxqj
--—- -—--- —-— -——

dJ.66&
o.0m5 ——-

--L- ----- —--- -— -- —-— .tmb
--—-- --—— —---

-16:6657
o.alf26 —— -- ---—-

——— ---— ---- ——- .WQ8 -----

-14.7-778 ——- ----- o.C037 ——- ———
-14.6667

—--—
—— --~ ---— -——-

-U.7778
.@m ----- -——

—-—- o.Qaa5
-MM-667

—-- -—-- —-— —---
—---- ——- .m –—- ----— —--—

-12.3333 —-—- -— -- —-— —— —— -- .Ools

.1o.7-77’8 0.W03 -—- —— —— ——- ——-
-1.0.6667 --—- .C#9 —-- .-— -—– --––
-1o.3333 --—- --.-- -——- —— --
-8.6657 .W04 --–– –-–- -–— LW’

——
---–-

-8.3333 ----- ——— --— -w ---- -—–

-6.333 —--— -— -- -— --
-4.3333

---- ———
------

-2.3333
.- := --—- —–- ----

.001.1. —-— —-— --—_ ——
2.m

———
.Oolg .m51. .0073 .IM83

3.3333
.m92

.Oolg .0053 .0075 .W95
.0076

.wi35 .c078

3.7778 .Ma
4.2222

.ma .0078

.6
.W

.CfJa3 .m&J
.@m’ .&b

4.3333
.Wm

.Oam
-w .m82

.00%
4.6667

.aEm
.0021. :%

.W .W93

5.CKm .CQa :Z .MfJ3
.Cd!4

:% :% .m35

5.IXU .GQ21 .Q3g .0394
5.6567

.W .C@J .m%

6.3333 :E :%
.@wi’

:% :Z
6.7778 –-— ---- --–- :E —– :E

7.0m3 .(X)= Jxb54 .’wa
.W3

.OI.03 .0102 .W93

.- —- —--..——--- .-— _.. _—. — .— — .— -.. ..—. —
----

.. —-... .-. .— -—.— ——.—,,



.-.. ———— . .._

56 NACATN5245

.

-F(x’,y’,z’)
x’

Y’-l I Y’=3 I -Y’=9 I Y’=7 I Y’=9 Y’=~

Z’ = lk.m

7.6!%7 0.CG24 0.Q31% o.-
8.6S67

o.o~ O.olm
.O@ .02b8 .Cw6

O.fwx

8.7778
.W .0109 .W-—— —-—- —.— -——. .Oloa

lo.COCKl
------

.CO@l .mp .Olal
10J%57

.Cm.2 .01J2 .OI.03
——— —— —— --—-- .0113 —----

10.7778 —-— -—— -—-_ .013.4 ——- —--
u.3333 .0326 .0102 .m6 .0U5
12.6&7 .m

.01c6
:% .01Q5 .aua .Oti

mm
.O1-09—- —--— .o1o5 ——— --—- ------

14JXK13 .- .CQ74 .0106 .01a3 .Ola .Olm

14.3333 —--- —-—- —-— —--
L4.f2%7

------ .Olsl.
-—- —-— .O1.q’ —--- ----— ------

14.77-78 —— -- .W —–- -––- –-–- ------
13.3333 .W -m .O1.!m
16+3333

.0122 .OIJ-3—-—- --—- -— -- -— -- :Z --—-.

16.6%7
1.6.7T78

.* ---- --—-- -----
.0028 –-– —-- ----- - ----- ---–

-----

18.3333 —— -——
18.E&7

----
.CcQ8 –— 2—-Z --2?! ------

--—-
—---

al.3333 —— -— -- .OU1 —— -- -——- --—

22.53 ---- .m ––– —--- ----
2k.3~3 .0Cn?8 -––- ----- ----- -–-–

------
------

z’=16.5am

1.4444 O.mla O.ma o.m42 O.my) o.~
1.6!%7

0.0352
.Qml -ma .m43 .Cq31 .@

1.8859 .Calo .m43
.@353

.0252
2.IUI.

.WJ5
:s

.@
.Cmn .0344 .m52 .W .C@

2.1667 .CKlll .Q50 .0044 .W3 .00% .CX395

2-3333. .CQll .ooyJ .C045 .@
2.500Q .mll .03> - .m45 :3

.@355
.@357 .-

2.5S% .mll .rxya .W45
2.8333 .Cml .0046

.M7
.O@l :% .@

3.lf%7 .CKU .0032 .CQ47 .*
:%

.W9 .m

.m12 .0%52
;:G

:W7
.Qm2 .W3 :%

4.B33
.- :s :%

.WO.2 .W34 .W .0260 .IX163
S.m

tti2
-w .0335 .W52 .ahsg

5.6467 .Oou .0036 .@@ :% .0(%7 :%

6.3333 .W .wa -m .CK!&
6.9444

.C@3
—-— —-—- —— -—-— ------ :s

7.fx?m JXU4 .W .W7 .CKla .m .OC@
7.&67 .Oolk .004a .W .COp
8.9444

.W3 .m
--—- —— ——- ------ .IM76 J-_

9.66/57 —-— —— -——-, -—_- .m ---—-
9.8333 ——— --— --—— --—-- -.——
lo.g444

.cH)76
——— ——— -——- .W6 ------ ------

11.wi’ —--— —.- —-- Jw7 ..-—-- -——
U.8333 —---- ——- -—- ------ .m82 ------

1.2.9444 ——- -— -- .0(%7 ---—- ------ —--—
13.6557 -— -- --— .0067 ------ ---— -—--
13.8333 ---— —--- —-— .00% —---- -—---
14.944.4 —---- SK& -–-– ----- --—- ----—
15.6667 --—— --— --—-- —-— --—--

.

“

J



!CAELEII.—SIDEiW?JIIUET0A~ HOMESBEVORTFX-Cantimmd

-F(x’,Y’,z’)~t
Y’*1 Y’=3 Y*-5 I Y’=7 I Y’=9 Y’==

19.8333
16.9444
17.6&57
17.8333
18.9444

19.6s67
19.8333
23.9444
21.&67
a.8333

22.9444
2g.6g

2b:9333
25.6667

-24.3333
-22.3333
-Z2.oow
-20.3333
-Z13.CKKm

-M.3333
-18.m
-16.3333
-16.axm
-15.o#o

-14.3333
-14.CUM
-U.ooa
-12.Qxm
-11.ocm

-9.CCQO
-7.omo
-5.0XX3
2.m
3.3333

3.Tm
4.2222
4.3333
4.6667
b.omo

5.IJJJ
5.6667
6.3333
7.mUo
7.6667

------
o.0CU7
.0017
------
.ml17

.C017

.CKU7
------
------
.0017

—----
------
—— --
------
-—---

------
------
-----
-—--
----.-

-----
------
-.----

-——
--—--
------
------
------

-----
-----
——--
-----
------

O.mol
----
---—-

. cm2
-—---

—----
---—-

.03)4

.0m9

.Ooofl

.-

.@

.o@

.Lm@

.@w

.Cx)lo

.OQlo

.Cmo

.dmo

.Oau

--—-
------
-- —--
0.0047
--—-.

------
-—-—
.0048
.m48
—----

-----
-----
.CwJ
------
------

-—---
----—
--—--
——-
--—--

-—---
------
-----

—----
------
------
--—--
--—--

--——
------
0.W33
----—
-----

-----
.0004
—--—
—---
---.--

------
.-
------
.W24
.-

.WJa

.0026

.0026

.m26

.Cmg

.Mq

.0028

.0029

.W23

.00m

z’=16.7w

O.cag
--—-
—---
-—---
------

-----
----—
------
—---
--—-

.Cnq’2

.0372
----
------

.Oon
--—--
------
------
------

-—-—
--—--
-— --

-.—--
--—-
---—-
-——
------

o.cxlo4
--—--
--—-

.-
-— --

—---
-——-
------
----
-----

.0012
------
------
.C@
.0337

.Cw9

.0339

.003

.m!o

.0341

.W1

.CQ42

.m43

.WM1

.0345

--—-
--—-
—----
—-—-
—---

------
------
------
--—--
-- —--

----
------
----
O.m
.0097

------
------
---—-
.C@9
—--—

J------
------
------

-—-—
----
-----
0.0034
------

---—-
.W

--—--
-----
------

—-—
-----
—-—-
------
.W12

--—--
------
-—---
.0044
.0245

.0046

.m48.

.0048

.CdEJ

.0049

.@

.m

.m52

.WA

.m55

-—-—
-—-—
--—
—----
------

-—---
------
--—--
--——
------

-----
--—--
---—-
------
--—-

-----
o.@3
.W3
-——-
—-—-

--——
.o@3
--——

—----
0.CK04
------
-—---
.Cms

------
--—--
---—-
-—--
-----

----—
-——-

.MoJ-
----
--—

—-—-
-----
-— --
.CiJ48
.GU49

:%
.0052
.0Q53
.0053

.@

.005s

.0057

.WX

.Om

-----
-----
------
---—-
--—--

-—---
—----
------
--—.
-----

--—--
------
—-—
--——
-—---

—-—-
—----
—----
—-—-
O.(x)gf?

.W=!
-—-_
.W9-2

oho3
-—---
.0m4
-—--
------

-——
---—-
----—
-—-—
.0X9

—---
--—--
--_—
_-—
--—-

-——
-----
-——-
.0@8
.0049

.W

.WQ

.-

.0053

.-

.*
,W5
.W7
.oC@
.ma

. ... ... . .. . .—-— .. —--— —.. —--— - -—-- ——. .. .. ——. — .,—..—— - -—_—— _



58 NACATN3245

TAmErc.-SIOSUMEMIETOARECIYINWIARI?JRSESIOEVCmmx-cartinti

.

.

-F(x’,Y’,z’)
x’

Y’-l I Y*-3 Y’-> I Y’=7 I Y’=9 Y’=~

z’=18.QwJ

8.6667 O.ml.l O.ma 0.0047 0.CQ57 0.U162
lo.cdx!cl

0.W62
.CMml .C@2 .0049 .m .0064 .01%4

10.3333 -—— ------ ------ --—- ----— .0!55
11.3333 .mM .0033 .0050 .a%l .0056 .C@i
12.wm --— ---—- --—- ---—- --—-- .m67

12.3333 ---—- ---- —---- —-— .w67
X2.6.667 .Cm2

—----
.CK@l .- .0363 .W59 .C068

14.c#o .CKo2 .C039 .W3 .W64
.o@ -:~

.0Q70
14.3333 -— -- —_--- —— -- ------
1s.3333 .Cm2 .0336 .@ .o@5 .m .a

16.om3 --—— --—- -——-
16.3333

.C@5 –-–- --–-
—— ——— .C@I —---- -—--

17.axKl
-----

—— ----— -——
18.C!Oxl

--—-- -—-— .Imn
—--— —-—- .5355 ------ -—-.

18.3333
------

——- .0037 -—— —-—- -—--- --—--

Ig.omo —-—- --—-- —— ---—- .IX174 -----
—— -- .W137 —- ----— ---—-

::%
---—-

-m ---– -–-– --–– ---—
!a.mm

--—--
——- ----— -—-- .M@ ------

Z2.Omo .m13
--.----

——— ------ --—— ----— --—

23.OQXI -—— --—-- .0057 ------ —--— ------
25.WJM --—— .cQy3 ---- —---- ——- ------
q.oaxl .IXU3 --—— -——- _----- —-—- -----

z.’-22.C0Y3

-—- ------ -—--- -——- ----
Z:z

o.lx02
——- -—_ —-— --—— O.m ------

25.3333 ——— --—-- -— -- --—- ----— .@w
--—-- —— -- -—--- o.0w2 —----

::% ---- .—-— ---— ------ .m3 :::1

aEB3g “ —---- -—--- o.CnQ2 ----— -—--- ------
2L.3333 ——- ——- ---—-
W.8989

.W —---- ------
-—--- 0.CW2 -— -- ---— ----- ---—-

19.333 ----—- ------ .0003 —--- --—- ----
17.8989 O.cml —-- -— -- ----- ------ ----—

17.6667 ------ —-—- ---—- --—- ----- .m6
17.3333 -——- .0m2 -—— -——- ---—- -— --
L5.1%67 ——— ----- --—-- ---- .Cm6 ------
=.3533 .Cml. -—--- -— -- ———
13.&57

-..---- -----
-—-- —-—- -——- .W --–- ------

LI.6657 —— ——- .Cce6 -—- ---–- ------
:9.6567 -—-— .Cmg ——-- -—- ---— --——
-;.&& .m2 --—-- ---— -----

.0w14
------ ——-

.oo13 .CmO
3:3333 .0035

.- .Cqil.
.W .ma :s .Cmym .CQy

3.7778 .OKls .0314 .Cma. .Cmj’
4.2222

.CD31 .Ix132
.m14 .0322 .C028

4.3333
.Oom .0033

:Z .0CU4 .m22 .W28
4:&%7

.CB3fi
.W

.0033
.0314 .00Z2 .0028 .0032 .C@l

S.axml .W .Cmk .0222 .mm .ce32 .C@I

.IX)14 .CmZ2 .@@
;:i& :Z

.-
.0015

6.3333
.- :% .a333

.Qw .m15
.W55

.0024 .COm .W@# .C@
.0Cm5 .0024 .mm

;:= .CMX6 :s
.C035 .C037

.0025 .c032 .m% .C@

.

.

.. -— —— —.



.

59
I

- n.-~IZIE!l’OARBW+MGWAR~ voRmx-cOncl.thlear

-F(x’,y’;z’ ) .
x’

Y’-l I Y’-3 I Y’-s I Y’=7’ . Y’=9 I Y’=~

Zf.22.IXW

8.6667 O.ccd o.co17 O.ax%
.Oo&

0.0033 o.C037
lo.m

O.cox
.CX317 .m .0034 .WfI .CM)41

11.3333 .Ml18 .COa
:2

.W5 .C@o .Cn42
12.&%7 .mli3 .CXJa .W16 .CMM .m43
13.W9 -—--- -—-— —— -- -—-— -—--- .0044

14.CKm ,CK05 .0337 .Cd2
15.3333 .0CQ7 :% :% .Cc@ .m43 :%
15.a999 ---—- —---- -— -- ------ .m43 -----
17.3333 ——— ------ —---- ----- .Cdi4 -----
17.aw9 ----— ------ .-—— .0039 -—-- ------

19.3333 ——— ------ ------ .dl.o ----- ----
19.6667 —---- ----.- ----- ---—- ---— .0048
19.8&g -— -- --—-- .m~ —— -- ------ —--—
21.3333 -—--- -..-—— .CO~ ------ --—— ——-
a.6567 ——- ----- ---—- ------ .C046 ----

21.88QJ ------ .Ooa -—--- --—- -— -- --—--
23.3333 —--— .CK12L ------ ---—- --— -—---
23.6.667 -—-.- ----- ----- .Mkl -—-- --––
23,8889 .W ----- ------ ------ 1
25.3333

---—- ——-
.OoQ’7 —--- ---— ------ -—--- -——

25.6667 -—--- -—--- .0332 -—--- ----- --—--
27.6667 —.-— .W21 --— ----
29.6657

------
.0037

-----
----- --—- --—-- -.—-- -..-——

. . . .. ..-—...._- —. .——— — —--——— ~—— .—-——-- —--— .-——— -— -———-.—. -



Lift

Loh?nliilmx?

/

/
~/

/

/
/

@m9nvo& vebm’y

Figure 1.- System of aea used.

r t



/n
/ /- ——

/ / /
/ 2 /

f
/
/

/
11

/
/I
I

/ /
6 /,

\
i

\ 8 \
\ 9 \

10
.
\

// \
\\Hbmwhltull - /2 \—. — 2

Figure2.-Representationoftailsurfacesby finite-stephorseshoevortices.

-. ——..-—..— -- —. --— .-- —--—-— --—— —---— .— -.--— —— ... .— —-—-— -—-— .—.—_



a
n G%
4.I

o4
./

(a) A = OO.

/ 4=X

D4’.1

(b)A =45°.

Figure 3.-W1 surfaces for which span loads and derivatives were calculated.

%

I

t



i

I

1

I
I

0

-!

-,?

-3

0

k%!%-/
-.?
o

.{

-.?

-5

4
Ozda.e 1.0

h

$.?
I

o

(’ ~e I . ,. ,-”,

,.

0

(a) AV = 1.0.

Figure 4.- Calculated span loadings for unswept tail assemblies In sideslip.
r=o.



P

o

-1

-z

-s

-4

(%..

A.
Au

2

I

o

(a! ~
I ,’1,

0

,,

0
,,

&w

(b) Av = 2.0.

Mgure 4.-Continued.

/i-&-u

M

w

1

1

<
, r

.



i

o

-1

-2

-5

-4

I

(de
m+

o

(c) Av = 3.0.

Figure h.- Concluded.

i+
o

-I

-.?

-s

-4

-s

o

./

-,?

-s

4

-6

4024 uala

s’



o

-1

-2

-3

0

-1

-2

‘30,2 +5&f.0

Figure 5.-calculated

ht?m#td

m %
2

/

o

I

(d09
0

-t

&w

# .6 .8 1.0

(a) AV = 1.0.

span loadings for 45°
aiaeslip.r = o.

mreptback tail assemblies in

8 .



1

I

I

0

4

-.? b

-3

-4
02#.6.8Lo

(~) Av

Figure 5.-

(’-0

I
w

Lw

w
= 2.0.

Continued.



o

-1

-.?

-s

-4

A.

z

I

o

(a’ ~0 / ,’-
,,.!,

. .

0

(c) AV = 3.0.

Flgwe 5.-Concluded.

I

s ,
. .



.L —...., .-.

1

I
I

I

i

i

I
,

I
i

“2=-

m

Md

LOv

A.

z-
4

2

0

4

&d

-
~

0

4

2

‘o.e#-6.81.o

w

(a) Av = 1.0.

Figure 6.-CalculatedBpanloadingsduetohorizontal-taildihedralangle
forunswept tail assemblies in fiidedlp.

pm!bm

m

W,

&v

I



I

I

A“

e

4

i?

o

-.?

4

.6

.— -

“0.2 #.6SlD

(b) Av

~~gure6.-

m
,

6

4
LLW

2

0024 saJ.o

= 2.0.

Continued.

,



I

6

4

.?

o

-,?

.4

-6

{

I
i “’
I
1

M

(c) q = 3.0.

Figme 6.-Concltied.

6

4

Jw

2

0

6

4

a

o

i



72 NACATN3245

2
2

..
0
4

2 3

0
4

()
9
m’ 2 4

0
4

2 6

.
0

6

4

2

n
‘o .2 4 ‘ .6 .8 1.0

9

Figure7.-Calculatedspanloadingsdueto sideslipforunsweptisolated
horizontaltailswithdihedral.

.

.

.

—. .



0

-.?

-4

4

-2

-4

!?igure8.-

(%.

(a) Av = 1.0.

4

.? Lcw

o

Calculated span loadings due to horizontal-tail dihedral angle
for 45° aweptback tail asmmbMes in sidesllp. a



I

4

2

‘0 .24.6.81.0

-#

fM

4

2 Low

o
0 .2 r? .6 .8 1.0

(%?//
(b) AV = 2.0,

R@re 8.-(!ontinued.

0 ‘



*

o

I

1

I -2
I

I

w

1
I 4

\

!

2 Low

00 .2 # .6 .8 I.O
,$

4

2 Low

00 ,2 * ,6 .0 ,0

I
(c) + = 3.0.

I Figure 8.-Concluded.
-a
u

I
I

I



76 NACATN 3245

2

0

2

0

4

2

0

4

()Ccg

w~ 2

0
4

2

0
4

2

00 .2 4 .6 .8 1.(

Ah

/

.

.

2

3

4

.

6

9

()&h-...
Figure9.-Calculatedspanloadingsdueto sideslipfor45°sweptback

isolatedhorizontaltailstithdihedral.

——— ——.—.———---——



I

I

Figure 10. -

@

Calculated

(a)

span loadings for unswept tail assemblies in steady
roll. r=o.



{k?d

4

3

,?

I

o

-/

Low

-J

-z
o..? #a.8Lo

(b) ~=2.O.

Figure 10. - Continued.

&v



I

o

-1

-2

-3

4

Mvum#-td

M@

4

3

.?

I

o

-1

Lw

Lcv

(C) AV =3.0.

Figure10.-Concluded.



—..

80

Ah.

“o .2 .6

()&h

Figure11.- Calculatedspanloadings
isolatedhorizontal

NACATN 3245

Aspect?Ut10 of
Iwiicol tall

pbv
on IMlch—

v
ISbased

/

2

3

.8 1.0

dueto steadyrollforunswept
t.aih.r . 0.



o

64-1

v -/

-z

(%!‘w

=V

.3

,2

m
I

o

-o.24aalD

(a) Av = 1.0.

Figure U.- Calculated span loadings for 4~0
in steadyroll. r .

M4

sweptback
o.

tail assemblies

03
P



I

-2

3

z

/

0

./

I

I

w

(b) Av = 2.0.

,

I
I



*

o

-1

-.?

-3

0

w
-[

-.?

I

o

-1

.

-i?
o.x4s alo

64

(%!%
c“

w

4

3

2

I

o

-1

La

(c) AV = 3.0,

Fi&me 12.- Concluded.

t

I



-....—.——— ——-————.

NACATN3245

Ah

4

2

00 .2 $? .6 .8 1.0

Aspectmtioof
vertmotWI

*Orl whmh~
IS based

/

2

3

()&
Figure 13.- Calculatedspanloadingsdueto steadyrollfor45°swept-

backisolatedhorizontaltails.I’= O.

.



o

-f

-4

-5
0 I t? 3

A~A”

{0.) Abrmn3W ttafm
10U plwtwl

Av

—7
----
—— ;

0 I 4? 3

~Av

o f r? 3

A#Av

{c) M.wzx.Y+’

Figure 14. - Effect of horizontal-tail poeition and aapect ratio on the
calculated values of CyP for variom unswept tail asmnblies.

FCC).

I



Av

o

-/

-3

-4

/
—— -..

— –.$
I
,

I

I o I 2 3 0 f 23

I
A~Av A/JAv

I
\ (’0) WIzOnW W m [b) hWzomW Wtn

low psifl!fon mrd~

Figure 15.- Effect of horizontal-tail position and aspect ratio on the
calculated values ot C-fp for varioua 45° sweptback tail assemblies.

r=o.



—— ——..

NACATN5245 87

.,

.

(v4’

..

0

4

a

-L.?

-/.6

-2.0

-tio ,
3

4/+2
m)~ Immh?v~... .

Av
—~
—.. -2
—3

FigureI_6.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedvertical-tailcontributionto Cz ofvariousunswept

B
tailassentilies.r . 0.

A“
—7—- .?
—3

(%)h

4/4
(b)mlummhrdm

109&wf?M

o I 2 3
~/A,

[c) hww7mwElJm

Figure17.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedhorizontal-tailcontribu~ionto Ct -

$
ofvariousunswept

tailassedilies.r . 0.

. .. ———-.—-—. —- —--- ..—.— — — — — -.-.---— - —--- -—- -. —.—... .——. . ———



1
1.
I

o

-#

78

-L?

4.8

*.O

-/?4

-2.8
3

A.

—1
-----
—–:

0 I .? 3 0 I 23

A///Av 4j/Av

(b) Mtltt&d m [c) hin7n7wtt?lttt?l

Figure 18. - Effect of horizontal-tail position and aspect ratio on the
calculated wl.ue6 of Cl

P
for vwious unwept tail assemblies.

r=o.

D

--



NACA TN 3243

0

-#

(w’B .8

-!.2

-1.60 I 23
/l/#Av

(0)Mx2wnwIwm
low @WhW

A“
—7
-----
—-;

o f 23

A/#Av

—..—

89

0 123

A~Av
(c)H&u&4mwmw

Figure19.- Effectofhorizontal-tailpositionandaspectratioonthe
‘calculatedvertical-tailcontributionto Cl

@
backtailassemblies.I’= O.

-o I 2 3

A/#Av

A.
—1
-----
—-:

ofvarious45” swept-

0 I /?3
A///Av

[cmwL&@ulmt71

Figure20.- Effectofhorizontal-tailpositionandaspectratioonthe
calctiatedhorizontal-tailcontributionto CIP ofvarious45°swept-
backtailasseniblies.17. 0.

——.. _.. —.-— —. ..- -—-----— —..--- —. _. .—— — .—-— ——— -——.———— ---- ..— ——



d.

.- —.-

—-:

0

-a

-,8

-1.2

-/.6

-/?.0

-24—.
0 I 9? 3

~04v

(a) hiuIzm# fdm
low @9tnM

o f t? 3

(b) Mwwoawdm

F3#.lre 21. - EHect of horizontal-tail position and aspect ratio on the
calcukted values of CZP fcrc varioua 45° sweptback tail a66emblies.

r=Oo



-0 f 23

A/j/Av

(’0,)/W* tdm
low pasllkw

Aw

—7-
————
—–:

3

2

I

()~7--V 0

-1

-2

-.3
o I c? 3

4ij/Av

(c) MmlMiL7fniL7f

Fimme ~.- Effect of horizontal-tail position and amect ratio on the
‘calculated vertical-tail contribtii~n to CyP due-to horizontal-tail

dihedral angle for wiom urmwept tail assemblies.



A.

—/
—- —--

—–:

0

x?

t

I

I -12
I

I -16
I 0“1 2 30 i 2 3 0 I 2 3
I

I ~/Av ~Av ~Av

(a.) MuI& An/m ~b)#Wizmrizm~dm
hw pmrtwl

(c) Mm&#iulmln

.
Flgme 23. - Effect of horizontal-W position and aBpect ratio on the

calculated horizontal-tail contributionto CyP due to horizontal-

t.aU dihedral angle for wious unswept tail assmbldes.

, 6
t



1

Av
I -7-—-- -

—-:

()Cy
B

7-V

2

/

o

.f
‘o ,/ 2 3

4#Av

{0) Hwm?tw A#m
low @wkM

o / 23 0 / 2 3

A#Av

Figure 24.- Effect of horizontal-tail position and aspect ratio on the
calculated vertical-tail contribution to Cy

F
due to horizontal-tail

dihedral. angle fm various 450swep~backtailassemblies.

I

I



Av

-7

I

) o

(-’Cy
-4

B
r~-*

-15$

-— —.. 2
—— 3

-r=

0 / 2 3 0 / 2 30 I 2 3

AhlAv A~Av Aj#Av

(a.) btufzv#of totfm [b) ~~onn~dm (c) Hiwz#to/ w m
low pn57hvn Al@ posdn?n

Figure 25.- Effect of horizontal-tail position anti aspect ratio on the
cikulated horizontal-tail contribution to Cy

P
due to horlmntal-

tall dihedral angle fq wious 45°8weptbacktallsurfaces.
1

,



NACATN3245

f,2,3
2

()

$?@
T“ 0

.2
‘o / 4? 30 1 230 I 23

Figure26.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedvertical-tailcontributionto C2B duetohorizontal-tail

dihedralangleforvariousmiswepttailass&iblies.

(+‘2/
‘h

4#Av

(’0)AbrIzomWWm
low*M

AV
—/
.—————-$

0 I 2 3
Ah/Av

(b) Hortzontilttnlm
mtdpo.witon

o i 2 3
A~/Av

(i# Hmiztmfoltt#m
ht@po.stimn

Figure27.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedhorizontal-tailcontributionto CZP duetohorizontal-

taildihedralangleforvariousunswepttailassemblies.

._ __ . ——--- —
_. _,__ ..—.——. .— --- .—x— —.. --- —— —----- ---——- --— .;



o

-i?

Ctp .4
r

-6

-lo
i? t 2 3

~Av

{0) I&uOn# Mm
low pa$lffm

o I 2 3

A#Av

(b) Muumwi+ttw

o f 2 3

~Av

F@.me 28.- llffectorhor~zontal-tdlpositionandaspectratioonthe
cal~,atetvaluesof CZP duetohorizontal-taildihedralanglefor

variousunsweptt~l assemblies.
,’

,



97

—1
.——_—
— -:

2

()

c@

7° v

-20
I 2 3 0 I t? 3 0 I 23

4A ~Av

Figure29.- Effectofhorizontal-tailpositionandaspectratio’onthe
calculatedvertical-tailcontributionto C2B duetohorizontd-tafl

dihedralangleforvsrious45°sweptbacktailassetilies.

Av
7

——-——
—-:

0 I t? 3

A/Av

Figure30.-Effectofhorizontal-tail.positionandaspectratioonthe
calculatedhorizontal-tailcontributionto Czp duetohorizontal-

tail dihedralangleforvarious45° sweptbacktailasseniblies.

. —-—- .-— — —.—--— - —.—— —.— -.. .———. -..— _ —_.— ~..—— ..—---- —--————-—,—



Av

T
-----
—–:

I

1

)

o I 2 3

Flgore 31, - Effect of horizontal-tail position and aspect ratio on the z=~
calculated values of Czp due to horizontal-tail ‘Uedral angle for

ivarious 45° sweptback W assemblies.
:
P



Av

7

-J
0 / 2 3

A~Av

(u) bwa?nw Mln
low #Wrm

o / 23

&Av

Fizure 32. - Effect of horizontal-tail Doaikion and .asDect ratio on the
~ for variGM unswept tiii asmniblles,‘calcbted values of Cy

r=o.

I

I



Av

1 /

—- —-—

— –:

I
I o
I
, Cy

P -1

-2
0 / 23 0 / 2 3 0 / 2 3’

I
I

I F&ire 33. - Effect of horizontal-ti position and aapect ratio on the

I cd-culated values of Cyp for wiouE 45°aweptbacktailassemblies.
r=o.



NACATN 3245 101

Av

—--2.—-
—3

0
(%)P“

-20 / 2 3 0 / 2 30 I 23

A~/& w% ‘4A

(0” m- lwm [b) H=’dd;lm [c) HtulzW?l?lAziln
lowpwf?m h@ postimn

Figure34.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedvertical-tailcontributionto Clp forvariousunswept
tailasseniblies.r= 0.

Av
—=7
----
—-;

“o I 23

‘WV

0 / 23

%/v

0 / 2 3

‘h/Av

(a”Mmonfvl Amfm (b) Ho#WiM~ntn) [c) Hwmntd W m
lowpos?twn &@ posiimn

Figure3’3.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedhorizontal-tailcontributionto C

%
forvariousunswept

tail assemblies.r = O.

..——.—.— - ——.. —. --— .——



o

-2

-4

Clp

-6

~8

-10
0 I 2 3

~Av

(’0) MutzvnfW fd m
low @Wt?Wl

A.

I
——.-—

—–$
I

{

I

I

I
0 I 2 3 o / 2 3

~Av

(c) HomoiM M m
h’@ posfwn

Fim.me %.- IMfect of horizontal-tail position and aapect ratio on t~
‘calckated valueg of C

5
for vaxious umwept tall assemblies.

r o.=



NACATN3245 103

&
—1
-----
—-;

o

(1Clp

-2
0-1 23 o f 2 3 0 / 2 3

,Ah/dv d/@v

Figure 37.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedvertical-tailcontributionto CZD forvarious45° swept-
backtailassemblies.I’= O.

Av
7

(iCzp -4

-6

-8,

Ah/&

(o)mnzvnfolimlm
/ow@s7A@n

———..
—–;

o I 2 3 o I 2 3

A~Av

[c) Hwmmtoitodm
mdposmon — - h~ postmn

FigU 38.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedhorizontal-tailcontributionto C

%
forvarious45° swept-

backtailassemblies.r = O.

__.—.—. ..—-—— -- -
—..-— ——---—— .— -



Av
-

/

o

-2

Czp+

-6

-8

--—. — 2
—. 3

I

0 / 2 3 0 I 230 / 2 3

Ah/Av

(0) hWIzonibltiflfn (b) #toTtzonfWtotlm (c) MWzontdW m
lowpmtlon nvdposthon h@ ~OS#U~

Figure39.- Effectofhorizontal-tailpositionandaspectratioonthe
calculatedva,luesof C~ forvarious45°sweptbacktailassemblles.

r o.=

,



1?

I

I
I

I

I

I
Ah/&

Av

—1
------—$

(c) Hmwlntdw

Figure ~.- Effect of horizontal-tail po6ition and aspect nztio on the
calculated values of ~ for various unswept tail assemblies.

r=o.
P



%.

(-0) Mw’v&gHcn#

Ah

~

—f
------—$

o I 3
4/Av2

(c)MnX&@ldlll

Figure 41.-Effect of horizontal-tail position and aspect ratio on the
calculated vdlleS Of CL for various 45° aweptbak tail assemblies.

P
r=o.

!a

*



‘o
‘h/Av

2

{a) Mw/amhd twin
low posltm

;

3 0 I 2

w%

Figure ka.- RMect of horizontal-tail paition @ aspect ratio on the
calculated values of C’j+/17 for varioua unswept tail assemblies.



5

I

“o / 2 3

Ah

~

—1
-----
-—$

Ah/Av ~/Av

(’a.)M2mowf Awlm (b) HOmvntaf tad m
low puvtmn mitiposdmn

Figure 43. - Wfect of horizontal-tall position and aspect
calculated values of ~/r for vari OllE 45° aweptback

o I 2 3

‘h/Av

ratio on the
tail assemblies.

I
I

I

. ‘t



Ah

~

—/
------
..-;

6

4

0 / 2 3

‘h/Av ‘?@% ‘h/Av

Figure hk.- Mfect of horizontal-tm.il position and aspect ratio on the
calcubted valuea of C

%
for variouE unswept tail assemblies. r=o.



6

4

I
I
I

!

&
Av

—/
------
-—J

c~p

-G

0 / 2 3 0 1 2 3 0 / 2 3

‘h/Av Ah/!v

g
‘h/~

i
(0) MruVrW AWfm (b) hbvmtdmn~ftn

low pusfhn
[c) W12WM M tn

h@ podm
.?

F
z
~

Figure 45.- lWfectofhorizontal--positionandaspsctratioonthe
calculatedvaluesof C

%
formious 45°aweptlacktailassemblies.

5. r= o.’


